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PREFACE.

IN order to facilitate the calculation attending the construe-

tion of Wrought Iron and Steel Riveted Girders, the author

has endeavored in this work to supply the link which separates

Theory from Practice. Its object may be briefly stated. A
riveted girder is to be designed ;

the span, depth, and loads are

known, the strains are calculated by the well-known bending-
moment formulae, and largely by the graphic method

; lastly,

the details of construction are fully illustrated.

Touching the question of accuracy, it is scarcely necessary

to notice the slight difference that may arise between the two

methods, i.e., working out the usual formulae, or by measuring
from the graphic diagrams. The time consumed in wading

through a complicated series of equations to reach a few meas-

urements is objectionable when at least such measurements

can at once be had by the graphic method.

This work does not investigate exceptional or extremely

scientific riveted girders, but more especially those of a type

now extensively adopted and constructed by well-known archi-

tectural iron workers.

The diagrams and the various examples explaining the

Author's method are submitted to architects and architectural

students with the hope that they will become a medium of use-

fulness to them in the routine of office work.

WILLIAM H. BIRKMIRE.

NEW YORK, 1893.

57270 i
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PART I.

THE STRAINS IN COMPOUND RIVETED GIRDERS.

For buildings, as well as railway and highway bridges, there

is probably no other form of girders more extensively used

than those made up of plates and angles, called Compound
Riveted Girders.

Some of the principal reasons for this lies mainly in the

simplicity of their construction ; they can be adopted for any
load or number of loads, and accommodated to any span

usually met with in the construction.

The single web or plate girder is more economical, more
accessible for painting and inspection. Formed of a single web
and four angles, as Fig. I, suitable for light loads and short

spans ;
for heavier loads a single plate is added to the top

and bottom flanges, as shown in Fig. 2
;
for still heavier loads

additional plates, as in Fig. 3.

' IT T
. _JL jL

PIG. i. FIG. 2. FIG. 3. FIG. 4. FIG. 5.

Where thick walls are to be supported and lateral stiffness

is required, the double web or box girder, Fig. 4, or the triple
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web, Fig. 5, is employed. It also becomes necessary in man*
cases to place two plate or two box girders side by side.

The box girders as represented infection, Fig. 4, is consid-

ered superior to the plate girders represented in Figs, i, 2, and

3 ;
but the preference should be given the latter on account

of its simplicity of construction, and although inferior in

strength to the box girder it has nevertheless other valuable

properties to recommend it.

On comparing the strengths of these separate girders, weight
for weight, it will be found that the box girder is as I to .93,

or nearly as 100 to 90. The difference in strength does not

arise from want of proportion in the top and bottom section

of either girder, but from the position of the material ; which

in that of the box girder offers greatly superior powers of re-

sistance to lateral flexure. The box girder, it will be observed,

contains larger exterior sectional area, and is consequently

stiffer and better calculated to resist lateral stress, in which

direction the plate girder generally yields before its other re-

sisting powers of tension and compression can be brought fully

into action. Taking this girder, however, in a position similar

to that in which it is used in supporting floor-beams and floor-

arches of buildings, its strength is very nearly equal to that of

the box shape, and, as previously mentioned, is of more simple

construction, less expensive, and more durable, from the cir-

cumstance that the web-plate is thicker than the web-plates

of the box girder, and it admits of easy access to all its parts

for purposes of painting, etc.

Bending Moments. Generally, the strength of a com-

pound riveted girder is founded on the equality that must

always exist between the resultant of the various loads tending

to cause its rupture and the strength of the material of which

the girder is composed. The former may be resolved horizon-

tally into strains, depending for their value upon what are

known as moments of rupture, bending moments, or leverage, of
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greater or less complexity, tending to cause the failure of the

girder by tearing asunder its fibres in the bottom flange, crush-

ing them together in the top flange, and vertically upon the

web into what are known as shearing forces, due to the trans-

mission of the vertical pressure of the loads to the points of

support.

The strain produced in the flanges is resisted by a leverage

equal to the depth of the girder, that is, between the centre of

gravity of the flanges, and the amount per square inch of sec-

tion with which the metal may be safely trusted.

O

FIG. 6.

The bending moment is a compound quantity resulting

from the multiplication of a force by a distance, and desig-

nated by the letter M. The forces are expressed in tons or

pounds, and the distances in feet or inches
; then the bending

moments are in ton-feet or pound-inches.

FIG. 7.

If b or a is the arm of leverage, Fig. 6, and a load R or R
acts for a distance from W, M at W is equal to the load R
or R' multiplied by the distance b or a.

Then M'= Rb or Ra.

The direction of the stresses upon the girder are vertical,

those at the ends being downwards, while that at the middle is
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upwards. In Fig. 7 we have a girder supported at both ends,

and a load W resting upon the middle of its length. Compar-

ing this with Fig. 6, we see that the stresses here are also verti-

cal,* but in reversed order, the one at the middle being

downwards, while those at the end are upwards. In other re-

spects we have the same conditions as in Fig. 6.

M does not represent strain, being independent of depth,

but is converted into flange strain by dividing by the

depth ;
the strain then found, divided by the maximum unit

strain, determines the number of square inches to be given to

the flanges.

The maximum unit strain herein adopted is 6 tons (12,000

pounds) per square inch for wrought-iron and 7 tons (14,000

pounds) for steel.

Here A = Area of flange d = depth in feet, s = unit strain

in tons, and M = bending moment Then

ds

Flanges. Compound girders are unlike rolled beams, in

which every fibre is connected
;
but have strains transmitted

only through rivets which are distributed only at certain dis-

tances apart ; consequently the flange angles are at every point

more or less subjected to strains in addition to their own.

This additional strain will evidently increase with the amount

of plates. It is good practice, therefore, to make the girder so

deep that the flanges do not require a number of plates to be

packed one upon another, and then to choose angles as heavy
as possible consistent with the total flange area required.

* " We have to distinguish between the outer forces which may act at various

portions of the girder tending to cause motion of its parts, and the inner forces

which prevent this motion. The first we may call stresses, and the second

strains. We therefore speak of the
'

stresses
'

upon a girder and the 'strains'

in a girder."
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In order_to give the single-web girders the greatest amount

of resistance, it is usual to use angles with unequal legs with

the longer leg horizontal.

It sometimes becomes important to have the plates of the

top flange extend from end to end, even when angles may be

found which alone are sufficient to make up the required sec-

tion, as it gives great lateral stiffness to the flange, and also

helps to distribute the stress more uniformly than with the

angles alone.

In box girders the flange plate adjoining the angles are

required to extend from end to end.

In making up the bottom flange, rivet-holes must be de-

ducted to obtain the net section, and in so doing the diameter

of the rivet-hole should be taken at least inch larger ;
this

latter provides to a certain extent for the damage done to the

strength of the metal in the process of punching or drilling.

For the top flange the gross sectional area may be taken

as making up the same, providing the riveting is well done,

i.e., the rivet completely filling up its own hole.

Shearing Forces on the Webs. It is by the law of the

lever that we are enabled to determine precisely what portion

of a given load resting upon a girder is sustained by either

point of support ;
the loads balancing each other at either end

FIG. 8.

of a girder, or lever, on any point are to each other inversely

as their distances (called lever arms) from the point or ful-

crum.

For example: suppose we have a girder held up as in

Fig. 8, with a load at either end, the point of support being to
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one side of the centre, say one-fourth of the lever arm from one

end. In order that the lever be balanced, the load at W must

be one-fourth the sum of J'Fand W, and that at W three-

fourths that sum, for W multiplied by JZ, must always equal

^multiplied by \L, and the sustaining force P must of course

equal the sum of J^and W.
Again : supposing that there is one load as in Fig. 9. This

condition is the same as before, only reversed
; and, according

to the law of the lever, we find that for equilibrium a force must

be applied to R equal to ^W. This example is precisely the

same as that of a girder, only R and R' are now called reactions

of the supports, the sum of which must always be equal to the

load or number of loads causing them.

In order, then, to know just how much of the load or num-

ber of loads at any point of the girder is supported by either

support, all that is necessary to be done is to multiply the

shorter or longer distance by the load and divide the product

by the span L.

LE

FIG. 10.

Example : Suppose we have a girder R and R'
, Fig. 10, of 25

feet span, and there is a load of 20 tons 5 feet from R'. Then

each sustains a certain amount of this load proportionately to
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its distance from the load, the sum of the reactions being equal

to the load,

R supports
--- = 4 tons ;

K ?-2 = I6 tons.

The most practical way of proportioning the web is then

to make its section sufficient to resist this entire shearing force

at either end of the girder. Under the supposition that the

flanges alone resist the entire bending moment, and the web

only the shearing action, the following formula can be

adopted :

Let S = shearing stress
;

A = area at point of stress
;

K = effective resistance to shearing ;

t = thickness of web
;

d = depth of web in inches.

cAtd and S= ktd, or t = -^.aK.

The safe shear on the webs per square inch herein adopted
is 6000 Ibs. for wrought-iron and 7000 Ibs. for steel.

Example. Suppose we take the above wrought-iron plate

girder, Fig. 10, and have 16 tons (32,000 Ibs.) shear on the

web at Rr

support, the web being 12 inches in depth.

t = = - > = .44 more than TV of an inch in
dk 12 X 6000

thickness.

Buckling of Web. The web is still in danger of buckling

under this compression stress
; consequently the web with its

thickness as already proportioned for shearing must now be

examined for its strength as a column. The depth being the

vertical distance between the upper and lower rows of rivets in
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the web (but to facilitate the calculation the height will be

taken the full depth of web). This condition is attained when
the shear per square inch of cross-section at any point
does not exceed

The safe resistance to bucklingper square inch -

when d and / are the depth and thickness of web in inches.

Stiffeners. If the result obtained by the above formula is

less than that adopted by our safe shear, vertical angles or

Stiffeners are riveted each side of the web at intervals. They
should always be used at the bearings and where concentrated

loads occur.

The spacing of Stiffeners is more a matter of experimental

judgment than of mere calculation. Of several rules given by

engineers, one is, "that Stiffeners in 'girders over three feet in

depth shall be placed at distances apart (centre to centre)

generally not exceeding the depth of the full web-plate, with

the maximum limit of 5 feet."

In girders under 3 feet in depth Stiffeners may be placed

3 feet apart, and in some special cases where there is little or

no shearing, at greater distances. This refers, of . course, to

those parts of the girders where there are no concentrated loads.

Another rule worthy of notice says
" that when the least

thickness of web is less than -fa the depth of the girder, the

web shall be stiffened at intervals not over twice the depth."

Riveting. The rivets in girder work are generally the

same size as those adopted for boiler work, i.e., f", f", and i"

in diameter; but as girders do not require caulking like a boiler,

the pitch or distance of rivets from centre to centre is much

greater, and usually varies from 2^ diameters to 16 times the

thickness of the outside plate joined. By diameters is under-

stood the diameter of the shank. When the edges of the plate

are often roughly shorn, the margin, or distance between the



THE STRAINS IN COMPOUND RIVETED GIRDERS. 9

rivet-hole and edge of the plate, is seldom less than I\ times the

diameter of the rivet. As the effect of punching is to weaken

the plate some distance all round the punched hole, the

above proportions should be adopted.

Nearly all experimenters on the subject agree that punch-

ing generally reduces the. tenacity of iron and steel plates to a

greater degree than the area of the metal punched out, and a

close examination of the border of each hole shows that it has

been subject to a certain degree of rupture, which in most cases

has reduced the ductility of the metal and made it wholly

crystalline in fracture, and as some may suppose caused cracks

round the edge of the hole
;
but this latter seems doubtful, as

Mr. Gerhard (see Experiments in Stoney's Riveted Joints)

instituted an investigation as to whether there was any founda-

tion for the very generally received opinion that the edges of

a punched hole on the die side are injured by a ring of minute

incipient cracks. For this purpose a large number of specimens

5 inches by 3 inches by \ inch of all kinds of steel were pre-

pared. The edges were planed, the surfaces polished, holes

were pierced in various ways, and the metal surrounding them

was carefully examined with a microscope, but no trace what,

ever of cracks was found, though the nature of the steel

ranged from o.i to 0.6 per cent of carbon. Owing to its hard*

ness and inability to stretch, this annulus of strained material

round the punched holes, when the specimen is under tension,

takes a higher proportion of the stress than the other more

yielding parts, and hence it reaches the breaking point sooner,

that is, the punched plate breaks in detail : first the annulus

gives way, and then the more ductile portion between the

holes. Reaming or boring out a zone of metal -J inch wide

round the punched hole removes the annulus of strained ma-

terial and neutralizes the effect of punching. In numerous

experiments on the subject the loss * of tenacity in iron plates

from punching varies from 5 to 23 per cent of the original



10 COMPOUND RIVETED GIRDERS.

strength of the solid plate, but the percentage in any particular

case will doubtless depend (ist) on the diameter of the holes
;

(2d) on the pitch ; (3d) on the width of the strip punched, for

wide plates are apparently less injured than narrow strips ;

(4th) on the condition of the punching tool i.e., the sharpness

of its cutting edges and the maintenance of the proportion or

size between the punch and the die ; (5th) on the quality and

thickness of the metal, hard iron generally suffering more than

ductile iron, and thin plates less than thick ones. Probably
the most accurate method for making an allowance for the in-

jurious effect of punching is to allow a certain percentage when

calculating the effective net area of a punched plate, and, as

heretofore mentioned under Flanges, page 5, of an inch more

than the diameter of the rivet is adopted.

Friction of Plates. Rivets contract in cooling and draw

the plates together with such force that the friction produced
between their surfaces is generally sufficient to prevent them

from sliding over each other so long as the stress lies within

limits which are not exceeded in ordinary practice.

The friction of plates is an important factor in boiler work
;

and as it is usual, to test them hydraulically, to double their

working pressure, the joints are so designed that this water

test, as well as the expansion and contraction due to changes
in temperature, will not cause the joints to slip. Though the

friction of riveted plates may be sufficient to convey the normal

working load without subjecting the rivets to a shearing stress,

it does not follow, nor do experiments indicate, that the ultimate

strength of a riveted joint is increased by this friction.

When several plates are riveted together with numerous

rivets, as in the piled flanges of a girder, the slipping of plates

does not seem to have occurred in Mr. Baker's experiments, for

with two wrought-iron girders with 5 and 8 plates, respectively,

in their flanges, each 20 feet span and 2 feet in depth, which he

tested to failure, there was no movement in the flanges, and
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the pile of plates behaved almost like a welded' mass of iron,

and Mr. Baker states " that he invariably found that badly

punched girders, with the holes partly blind and the rivets

tight but not filling the holes, deflected neither more nor less

than the most accurately drilled work."

Whatever value may justly be attached to the above, an

inspection of the riveted joint when being tested to destruction

dispels all idea of the ultimate stress being in any degree
affected by it

;
for when the stress is considerable, the joints

open at each end of the plates, and the higher the stress the

greater the amount of opening is observed. Under such condi-

tions it is not customary to take into consideration the friction

of the joints.

Proportioning Rivets. Rivets, as used for girders, must

be proportioned to resist shearing, and the area of their bearing
must be such that the metal against which they bear shall not

be crushed. The stresses allowed on these members are : shear-

ing* 75 to 9000 pounds, and crushing, 15,000 pounds per

square inch.

The shearing strain is measured on the area of the cross-

section of the rivet
;
the crushing, on the area obtained by the

product of the diameter of the rivet by the thickness of the

web or plate upon which it bears.

To illustrate the shearing and bearing area of a rivet, we
take for example two plates of wrought-iron 8 inches wide by
\ inch thick, which overlap each other for a joint, with 45,000

pounds strain on the plates ;
what number of rivets will be re-

quired to resist the strain on the joint ?

The area of a rivet f of an inch in diameter is 0.4417 square
inches

;
this multiplied by 7500 pounds, the safe shearing,

3312.75 pounds, the safe amount of strain each rivet can sus-

tain without shearing; dividing 45,000 by this, we get 13.6, say

14 rivets, as shown in single shear, Fig. 11. If constructed as

shown in Fig. 12, as in the flange of a plate girder, the rivets
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would be in double shear and have twice the value
;
then 7 rivets

would be sufficient.

I O O O O10000
1 O O O O

FIG. ii. FIG. 12. FIG. ISA.

In box girders, as Fig. I2a, the rivets connecting the angles

with the webs are in single shear.

The bearing area of each rivet is inch by ^ inch = f square

inch; this multiplied by 15,000 pounds for crushing would

equal 5625 pounds. Dividing 45,000 by this we obtain 8 rivets.

This latter calculation should not be overlooked in riveted

work. Its observance in most cases of riveted girders with

single webs gives the size and number of rivets to be used, and

in thin webs the bearing area may be small, necessitating a

thicker web than would otherwise be required.

Rivets Connecting Web with Flanges. The strain

which the rivets connecting the web and flanges sustain is

evidently due to the strain which is transmitted from one to the

other ;
this strain is horizontal, and is the maximum increment

of flange strain at every section of the girder, and is found by

dividing the maximum shear at any point by the height of the

girder.

For example: suppose a girder of 24 feet span (Fig. 13), 3

feet in depth, sustains a load of 150,000 pounds uniformly dis-

tributed over its whole length. Tak-

half the load over half the girder, at

support R' the shearin * strain is

75,000 pounds or half the w. .ole load ;

F10' X3- at a or 3 feet it is equal to J of half

the load or 56,250 pounds ;
at b or 6 feet it is equal to \ of half

the load or 37,500 pounds ;
at c or 9 feet it is equal to J of hali
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the load or 18,750 pounds; at 12 feet or the centre it is zero:

from which we can now obtain the flange strain by dividing by
the height, and again by 12 inches to get the pounds per inch

of run.

Then at end = - = 2083 Ibs. per inch of run ;3X12

at =

= 520
"

3 X 12

The result thus obtained is then for the shear on the rivets.

If the girder has a single web, as in a plate girder, we will take

its bearing value, using a f web and a -J-diameter rivet.

The value of each rivet would be 15,000 X J X f = 4920

pounds. Then at the end where we have the stress of 2083

pounds per inch run, we must therefore space rivets :

4020
at support = = 2f inches centre to centre ;

<c

But as we have exceeded our limit at c, we will require the

spacing from c to middle of girder to be 6 inches centres.
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In order that rivets in the two legs of the angle should

stagger each other, both legs must have the same spacing ;
and

in order that the rivets may lie in straight lines vertical and

horizontal, the top and bottom rows should be spaced alike.

In fact, the spacing in top and bottom flanges for practical

considerations are similar.

Generally the vertical in addition to the horizontal strain

is taken into consideration for spacing the rivets, and their

resultant is therefore the strain on the rivets. The vertical

strain is that due directly to the load resting upon the flange

of the girder, and thence through the rivets transmitted to the

web.

In the above example, Fig. 13, the flange strain at the end

7 CQOO= = 2083 Ibs. per inch of run.
3 X 12

The vertical load on the girder per inch of run is the total

load, divided by the length of span for the load on one foot,

and the quotient by 12 inches for the per inch of run of load,

150000
or = 520 Ibs. per inch of run.

Then from the above at end of girder the resultant

= V2o83
a + 520" = 2147 Ibs. per inch of run.

The spacing of rivets at end of girder = ffff 2yV inches.

At a, 3 feet from end, flange strain = 1562 Ibs. per inch of

run.

The vertical stress as given is 520 Ibs. per inch of run.

The resultant = Vi $63* -\- 520" = 1647 Ibs. per inch of run.

Then ffj-y
= 3 inches, the spacing of rivet at 3 feet from

end of girder. Continue in like manner to the centre.
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Spacing Rivets according to Strain Produced by the

Bending Moments. The rivets are also spaced, in the angles

which connect the flanges with the web, according to the strain

produced in the flanges by the bending M, and the number

readily found with but little calculation. The horizontal strain

in the flanges diminishes in intensity either way from the posi-

tion of maximum M towards either support, where it is the

least, and may be fouad (as mentioned before under Bending

Moments) by dividing by the depth.

The horizontal increments of strain in the web are greater,

however, at the ends, and least under position of maximum M.

If the maximum strain in the flange is divided by the value of

each rivet, there results the minimum number of rivets either

way from maximum M to either support.

For example : in a girder of 24 feet span and 3 feet in

depth, f web and f rivets, if the maximum M equals 225 ton-

feet at centre of girder, and the flange stress is at that point

-S.j-5- 75 tons, or 150,000 Ibs., the number of rivets

1 50,000- = 30 required either way from centre

a distance of 144 inches, or spaced J/ 4 =
4^-| inches. Owing,

however, to the greater intensity of the horizontal increment

of strain in the web towards these supports, the rivets should be

spaced closer as the ends are approached.

Then for the first 3 feet, say 3 inches centres
;
the next, 4

inches ;
the next, 5 inches ; and the remaining 3 feet, 6 inches.

Then there results a total of 34 rivets.

For any further explanation or spacing of rivets refer to the

various examples which follow.

For convenience in selection of rivets, the following table

has been prepared :
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SHEARING AND BEARING RESISTANCE OF RIVETS.

Diameter of
rivet in inches.
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The span should include the length between the centre of

bearings or supports, but for all practical purposes the effective

span herein taken is between the supports.

The following general rules should be adopted in propor-

tioning girders.

1. Plate girders should be proportioned upon the supposi-
tion that the bending or chord strains are resisted entirely by
the upper and lower flanges, and that the shearing or web
strains are resisted entirely by the web plate.

2. In members subject to tensile strains, full allowance shall

be made for reduction of section by rivet-holes, etc.

3. The web plates shall not have a shearing strain greater

than 6000 to 8000 pounds for wrought iron and 7000 to 9000

pounds for steel per square inch, and no web plate shall be

less than f inch in thickness.

4. No wrought-iron or steel shall be used less than f inch

thick, except in places where both sides are always accessible

for cleaning and painting.

DETAILS OF CONSTRUCTION.

1. All the connections and details of the several parts shall

be of such strength that, upon testing, rupture shall occur in

the body of the members rather than in any of their details or

connections.

2. The webs of plate girders, when they cannot be had in

one length, must be spliced at all joints by a plate on each side

of the web. T-iron must not be used for splices.

3. When the least thickness of the web is less than ^ of

the depth, the web shall be stiffened at intervals not over twice

the depth of the girder.

4. The pitch of rivets shall not exceed 6 inches, nor sixteen

times the thinnest outside plate, nor be less than three diameters

of the rivet in a straight line.
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5. The rivets used will be generally } and
-J inch diameter.

6. The distance between the edge of any piece and the cen-

tre of a rivet-hole must never be less than IJ inches.

7. In punching plates or other iron, the diameter of the die

shall in no case exceed the diameter of the punch more than

y
1

^ of an inch.

8. All rivet-holes must be so accurately punched that, when

the several parts forming one member are assembled together,

a rivet y^ inch less in diameter than the hole can be entered,

hot, into any hole without reaming or straining the iron by
"drifts."

9. The rivets when driven must completely fill the holes.

10. The rivet-heads must be hemispherical, and a uniform

size for the same sized rivets throughout the work. They
must be full and neatly made, and be concentric to the rivet-

hole.

11. Whenever possible, all rivets must be machine-driven.

12. The several pieces forming one built member must fit

closely together, and, when riveted, shall be free from twists,

bends, or open joints.

13. All joints in riveted work, whether in tension or com-

pression members, must be fully spliced, as no reliance will be

placed upon abutting joints. The ends, however, must be

dressed straight and true, so that there shall be no open joints.

14. All bed-plates under bearings of girders must be of such

dimensions that the greatest pressure on the masonry shall not

exceed 250 pounds per square inch.

EXTRACT FROM THE NEW YORK BUILDING LAW
PASSED APRIL 9, 1892.

486.
" Rolled iron or steel beam girders, or riveted iron or

steel plate girders used as lintels or as girders, carrying a wall

or floor or both, shall be so proportioned that the loads which
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may come upon them shall not produce strains 'in tension or

compression upon the flanges of more than 12,000 pounds for

iron nor more than 15,000 pounds for steel per square inch of

the gross section of each of such flanges, nor a shearing strain

upon the web plate of more than 6000 pounds per square inch

of section of such web-plate if of iron, nor more than 7000

pounds if of steel; but no web plate shall be less than one

quarter of an inch in thickness. Rivets in plate girders shall

not be less than -f
of an inch in diameter, and shall not be spaced

more than 6 inches apart in any case. They shall be so spaced

that their shearing strains shall not exceed 9000 pounds per

square inch of section, nor their bearing exceed 15,000 pounds

per square inch, on their diameter, multiplied by the thickness

of the plates through which they pass. The riveted plate girders

shall be proportioned upon the supposition that the bending or

chord strains are resisted entirely by the upper and lower

flanges, and that the shearing strains are resisted entirely by the

web plate. No part of the web shall be estimated as flange

area, nor more than one half of that portion of the angle-iron

which lies against the web.

The distance between the centre of gravity of the flange

areas will be considered as the effective depth of the girder.

Before any girder, as before mentioned, to be used in any

building shall be so used, the architect or the manufacturer or

a contractor for it shall, if required so to do by the superin-

tendent of buildings, submit for his examination and approval

a diagram showing- the loads to be carried by said girder, and

the strains produced by such load, and also showing the dimen-

sions of the materials of which said girder is to be constructed

to provide for the said strains
;
and the manufacturer or

contractor shall cause to be marked upon said girder, in a con-

spicuous place, the weight said girder will sustain, and no

greater weight than that marked on such girder shall be placed

thereon."
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To Calculate the Approximate Weight of Girder before

its Dimensions are Fixed. It should be remarked here that

the weight of the girder becomes considerable when the flanges

are built up of a number of plates. It is therefore desirable to

be able to calculate approximately the weight of the girder

before its dimensions have been definitely fixed. The weight
of the girder will be in proportion to its area of cross-section

and to its length ; or when W is the gross load to be carried,

and L the length between the supports, then the weight of

girder between the bearings is

WL

in which C is a constant, and W the load to be supported.
The value of C has been taken from examples of girders from

35 to 50 feet long ;
its value is found to be 700.

Example : We have a span of 40 feet and 70 tons to be sup-

ported ;
what will be the approximate weight of girder?

WL 70 X 40

making a total of 74 tons, uniformly distributed.

Splicing. Girders 40 feet and less will not require any

splicing, as the plates and angles can be readily handled in one

length.

In splicing the top flange, no additional cover plate will be

required over the joint, but the ends should be planed true

and butt solidly. The rivets to be closer near the joint.

The plate covering the joint of bottom flange requires to

be the same area as the plates joined, and of sufficient length

to take a number of rivets equal to strength of the cover plate.
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QUALITY OF MATERIAL.

Wrought-iron. All wrought-iron must be tough, fibrous,

and uniform in character. It shall have a limit of elasticity of

not less than 26,000 pounds per square inch. The tensile

strength, limit of elasticity, and ductility shall be determined

from a standard test-piece about \ square inch. The elonga-

tion shall be measured on an original length of 8 inches.

When taken from plates rolled to a section of not more

than 4- square inches, the iron shall show a minimum ultimate

strength of 50,000 pounds per square inch, and a minimum

elongation of 18 per cent in 8 inches. The same sized speci-

men, taken from plates 8 inches to 24 inches in width, shall

show a minimum ultimate strength of 48,000 pounds per square

inch, and a minimum elongation of 15 per cent in 8 inches;

plates from 24 inches to 36 inches wide, 46,000 pounds per

square inch, and elongate 10 per cent in 8 inches
; plates over

36 inches wide, 8 per cent in 8 inches.

The same sized specimen taken from angle-iron shall have a

minimum ultimate strength of 48,000 pounds per square inch,

and a minimum elongation of 15 per cent in 8 inches. Rivet-

iron shall have the same physical requirements as high-test

iron, and in addition shall bend cold 180 degrees to a curve

21
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whose diameter is equal to the thickness of the rod tested,

without signs of fracture on the convex side.

All iron for tension members must bend cold through 90

degrees to a curve whose diameter is not over twice the thick-

ness of the piece, without cracking ;
at least one example in

three must bend through 180 degrees to this curve without

cracking. When nicked on one side and bent by a blow from

a sledge, the fracture must be nearly fibrous.

Mild Steel. Specimens from finished material for test, cut

to size, as for wrought-iron, shall have an ultimate strength of

from 54,000 to 62,000 pounds per square inch, with a minimum

elongation of 26 per cent in 8 inches; to bend cold 180 de-

grees flat on itself, without sign of fracture on the outside of

bent portion.

All rivets of mild steel must, under the above bending test,

stand closing solidly together without sign of fracture.

Painting. All iron and steel work, before leaving the

shop, shall be thoroughly cleansed from all loose scale and rust,

and be given one good coating of best oxide of iron and pure

linseed oil, and after erection to receive one additional coat of

paint.
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EXAMPLE /.

GIRDER SUPPORTING A CONCENTRATED LOAD AT CENTRE OF

SPAN.

In a girder supported at both ends with a load concen-

trated at centre of span, the maximum bending moment is at

the centre, and equals half the load multiplied by half the span,

or

WL
4

To find the bending moment at any point in the girder

when the load is at the centre.

FIG. 14.

Make FD, by any scale, Fig. 14, equal Mat centre of span .

join RD and DR'. Then by the same scale, rp will equal the

23
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bending moment at point r, and ut will equal the moment at

point u. Or the moment at any point r or u will equal half

the load multiplied by R'r or R'u
;
R' being the nearest sup-

port. Then

W
Atr, M=

W
At, M=~R'u.

Example : What metal area would be required in the flanges

at the centre of a girder of 30 feet span, 2 feet in depth, to .^ub-

tain 40 tons concentrated at the centre of span; 6 tons (12,000

pounds) being the maximum unit strain per square inch allowed

in the flanges?

Here W'= 40 tons, L 30 feet, d=. 2 feet.

A = area of flanges, s = 6 tons.

Then at centre,

M= 4^-32 = 300 ton-feet;

300A =
^
= 25 square inches.

Let r = 10 feet from ^' support, and # = 5 feet from the

same support.

At r, M= X 10 = 200 ton-feet,

200 . ^A = > = 1 6.66 square inches.
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At u t M = X 5 = ioo ton-feet,

100= 8'33 square inches.

Then we require in the flanges for the above girder :

At centre, 25.0 square inches.

5 ft. from "
1 6.66 " "

10 ft.
" "

8.33
" "

Construction of Flanges. In the results of the example
lust given, it will be observed that the area of metal required

in the flanges increases gradually from the points of support
towards the centre of the girder. This will be accomplished by

building up the plates of metal overlapping each other for the

computed amount.

To make up the 25 square inches in the top flange at the

centre, we extend the angles from end to end, and making the

girder 12 inches wide, using ordinary size plates (none less than

f of an inch thick) and angles with the longer leg horizontal,

we would require :

Top flange = 2 angles* 5" X 4" X i" = 8.50 square inches.

I plate 12" X i" = 6.00 "

I
" 12" X J" = 6.00 " "

I
" 12" X |" = 4.50

" "

Total, 25.09
" "

For the bottom flange, the rivet-holes must be deducted to

obtain the net section. By referring to the section of the con-

structed girder, Fig. 19, it will be noticed that the greatest loss

* For areas of angles in inches see Table, page 33.
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of section is two rivet-holes opposite each other, connecting
the angles with the plates of the bottom flange.

Using f-inch-diameter rivets, and allowing f of an inch

more for any injury to the metal in the process of punching,

we have the area of a rivet-hole equal to -J-" -\- \" + J" -f- f
"

X i" = if square inches, for two rivet-holes 2 X if" = 3f

square inches, to be added to the bottom flange, or 2%" -|- 3f"
= 28J square inches. Then

Bottom flange = 2 angles 5" X 4" X i" 8.50 square inches,

i plate 12" X " = 7-50
"

i
" 12" X f" = 7-50

"

i J2"x Ty = 5-25
"

Total, 28.75
"

Flanges reduced in Area towards the Supports. To
reduce the area of the flanges as the ends are approached, draw

the diagram Fig. 15, making R and R' equal to the span of 30

FIG. 15.

feet, and set off /TD at centre of span equal to the bending
moment at that point, or equal to DF, Fig. 14. Connect RD
and Z>^'. Draw the rectangle RCER'.
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Then from F place any scale at any angle, ds Fet
until it

measures 25 square inches, the number required in the flanges

at the centre. For two angles 5" X 4" X f", set off 4.25 square

inches each at a and b\ one plate 12" X i" = 6 square inches

at c\ one plate 12" X \" = 6 square inches at <af; and one plate

I2
" x f" 4.5 square inches at ^. Horizontal lines drawn from

a, b, c, d, and c to DR' at /, ^, h, and
,
and by the set-square

carried down to the base line RR f

, give the ends of plates in

the flanges.

Those flange plates which do not extend from end to end

of girder should be run as many inches beyond the point where,

according to the calculation we have made, the sectional area

of that plate must form the required section, so as to catch

sufficient number of rivets in the flange in order to transmit

the amount of stress which the plate is required to sustain.

Thus for the top plate 12" X f", the amount of stress which

it is expected to receive is equal to 12" X I" X 12,000

54,000 pounds. Now if we have two rows of rivets on the

flange, and supposing that each rivet has a safe shearing strain

of 4510 pounds per square inch, the plate must be extended

to take in at least ^iV! say 12 rivets, beyond the point at

which it is calculated to form the flange section. By referring

to the diagram it will be seen that the full width of the second

plate extends to dh, and we only require the area of same to

decrease gradually from g to h, and in like manner in the top

plate from/ to g. We will therefore be able to place the ma-

jority of these 12 rivets of the top plate between / and g.

In all the following examples the plates are extended T2

inches beyond the position determined by the diagram. Plates

over y thick should be extended as described above to a suf-

ficient length to prevent the crowding of rivets.

The plates in the bottom flange are practically of the same

area as those of the top flange, the loss of area by rivet-holes
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being made up by the thicker plates ; they will therefore be the

same length as those in the top flange.

Webs. The downward pressure at the middle is equal to

the upward pressure or reactions at the ends ; and since the load

is central between the points of support, the reactions of these

points are equal, and each is equal to one half the load at cen-

tre, which gives 20 tons or 40,000 pounds shear on the web at

each support.

Then T=m = = -28, or nearly ^ inch.

The least practicable thickness allowed in the webs of al

girders is of an inch
;
we will therefore require in this a f

" X
24" web plate.

Stiffeners. To determine whether we require stiffeners,

we should first determine whether the web, as already propor-

tioned for shearing, is able to sustain the same compressive

stress to resist buckling. This condition is attained when the

shear per square inch of cross-section at any point does not

exceed the

Safe resistance to bucklingper square inch = ^

Sooof

When d = depth, and / = thickness of web in inches.

ioooo
Then

24 x 24
= 4224 pounds.

*~ soooxl Xf

But as we have adopted 6000 pounds per square inch for

safe shearing, the web will require to be stiffened throughout

at a distance of 3 feet, the shearing strain on the web being
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uniform throughout on a girder with load in centre (see graphi-

cal representation of shearing forces, Fig. 19).

Then to stiffen the web at these points, rivet to each side

of the web a 4" X 4" X f
"

angle. We then have for the thick,

ness f
"

-f- f
" + V = I inches, and the formula becomes :

Safe resistance to buckling

ioooo

24 X 24

3000 X | X

= 8873 pounds 'per square inch.

Stiffeners must always be tightly fitted between the flange-

angles. In order to bring the stiffeners in contact with web

and vertical leg of angle, they are bent as shown in Fig. 16, or

fillers may be used as Fig. 17.

FIG. 16. FIG. 17.

The first method requires less material than the second, but

requires the work of bending the angles, for which particular

dies must be had to give the required amount of bending, and

no doubt is more economical where there are a, large number of

stiffeners to be bent to the same form.

The second method is therefore more preferable for cases

when girders to be made are few in number.

Rivets. Now as to value of rivets through web, we-should

have for shearing, area of rivet is f" X \" X .7854 = -6013"

X 7500 = 4510 pounds ; being in double shear, twice the value

or 9020 pounds.
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For bearing -J" X
" X 15000= 4920 pounds. As the

bearing value is the smaller, we will use that in determining the

number.

The bending moment at the centre of girder is 300 ton-feet

This divided by the depth will give the horizontal flange strain

at centre of girder.

2QO
Then - = 150 tons or 300,000 pounds.

This again divided by the least value of a web rivet, which we

found to be 4920 pounds, gives the total number of rivets re-

quired ;
or

300000- = 60 rivets
4920

in a distance of 180 inches, spaced 3 inches centres.

Graphical Representation of Bending Moments and

Shearing Forces. The bending moments and shearing forces

at each point of a girder may be represented graphically by

lines laid off to scale, as will be shown by example.

This method will be found far more preferable, on account

of the rapidity with which the work can be accomplished, es-

pecially for girders with two or more concentrated loads, also

with concentrated loads and a uniform load combined. Accord-

ing to our example, we have a girder 30 feet span, 2 feet in

depth, to sustain at the middle 40 tons.

Set the load W'of 40 tons to a reasonable scale off along a

line PP. The line PP' is thus the polygon of the given force,

and P'Pj its closing line, is the resultant. (For these principles

refer to works on Graphic Statics.)

Since the reaction of R and R f must be equal, we take the

pole distance O in a horizontal through the centre of the force

line PP' at H, and draw the radii OP, OP' ; then describe the
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funicular polygon abc by drawing ab parallel to PO, terminating

in W produced, and be parallel to P'O. The funicular polygon

is now closed by the line ca, and a line OS is drawn through

pole (on OH in this case) which is parallel to ac and to the

girder.

Then any ordinate from ac,.as x, y, or z, taken to these in-

clined lines ab or be, multiplied by the pole distance OH, will

FIG. 18.

give the bending moment at any point of the girder. The pole

O may be placed at any distance or direction ;
the result will

be the same ;
but to facilitate calculations, take ten units of

the scale adopted.

The shearing forces are equal to the distances R and R' of

the points of the polygon of forces from 5.

Accordingly, the shearing forces have been taken from the

polygon of forces and used as ordinates of the segments of RR*

to which they correspond. Thus the hatched figure is obtained,

which is termed the shearing force diagram, and the Vertical

ordinates of this diagram give the shearing force at any section

of the girder RR', and in this particular example it can be seen

at a glance and, as previously found, that the shear on the web

is uniform from centre to ends.
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AREAS OF ANGLES

WITH 'EVEN LEGS.

Size
in Inches.
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SECTIONAL AREA IN INCHES OF RIVET-HOLES IN PLATES OF
VARIOUS THICKNESSES, TAKEN \ INCH IN EXCESS OF
DIAMETER OF RIVET.

*> s
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TABLE SHOWING GROSS AREA OF PLATES OF "VARIOUS
THICKNESSES.

$2
ll
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SHEARING VALUE OF WEB PLATES, WROUGHT-IRON, 6000 LBS.

PER SQUARE INCH.

Depth
in

Inches
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SHEARING VALUE OF WEB PLATES, WROUGHT-STEEL, 7000 LBS.

PER SQUARE INCH.

Depth
in

[nches
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EXAMPLE II.

GIRDER SUPPORTING A CONCENTRATED LOAD NOT AT
CENTRE OF SPAN.

In a girder supported at both ends with a load concentrated

not at centre of span, the maximum bending moment is at the

load, and is equal to the load multiplied by the distance from

load to left support, and from load to right support divided by
the span ; or,

M= L

To find the bending moment at any point in the girder when

FIG. 20.

the load is not at centre, make FD by any scale, Fig. 20, equal

M at the load
; join RD and DR'. Then x, y, z, by the same
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scale, will measure the moments at their respective points in

the girder.

Example : What metal area would be required in the flanges

of a plate girder of 20 feet span, 2 feet 6 inches in depth, to

sustain 60 tons concentrated at 5 feet from left support ?

Here W=6o tons; L = 20 feet; d=2 feet 6 inches;

s = 6 tons. Then

AtF,M=6oX 5 * 15 = 225 ton-feet,

=-
=-g

= 1 5 square inches.

At *, J/= 60 X -' = 112.5 ton-feet,

112.5A = --
^g
= 7-5 square inches.

At y, M= 60 X 5 IQ = 150 ton-feet,

150 . ,

A = -
-7 = 10 square inches.
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C V C

At 2, M = 60 X = 75 ton-feet,

A = = = 5 square inches.
2.5 X o

Then we require in the flanges for the above girder :

At the load, 15.0 square inches.

At x, 2 feet 6 inches from "
7.50

"

Atj, 5
" " " 10.00 "

At *, 10 " " "
5.00

"

Construction of Flanges. To make up the maximum
section under the load we would require :

Top flange = 2 angles 5" X 3" X J" = 7.5 square inches.

I plate 12" X I" = 7.5
" 4<

Total, 15.0
"

For the bottom flange, rivet-holes to be deducted to obtain

the net section. The loss of metal by rivet-holes is the same

in this as the former example.

Using J-inch-diameter rivets, and allowing
- of an inch

more for any injury to the metal by punching, area of rivet-

hole equals -f

"
-\- \" X i" = | square inches

;
for two rivet-holes

2" X |" = 2.25 square inches, to be added to the bottom flange,

or 15" -f- 2.25" = 17.25 square inches.

Bottom flange = 2 angles 5" X 3" X 4" = 7-5 square inches.

i plate 12" X -HT = 9-75
"

Total, 17.25
"
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Flanges reduced in Area towards the Supports. To

place the plates in their required position for the calculated

area : Draw the diagram, Fig. 21, making R and R equal to the

FIG. 21.

span of 20 feet as in the previous example, and set off lines FD

at position of load equal to the maximum bending moment at

that point, or equal to FD, Fig. 20. Connect RD and DR.

Draw the rectangle RCER'. Then from F place any scale at

any angle, as Fc, until it measures 15, the number of square

inches required in the flanges at F or at the load. For two

angles set off 3.75 square inches at a and b, and one plate 12

X \\ inches, or 7.50 square inches, at C. Horizontal lines

drawn from a, b, and c to DR, DR', and carried down to base

line RR' give the position of the plates. The angles to extend

from end to end as shown.
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Both top and bottom plates to extend 12 inches each way
from FD, in addition to that determined by the diagram.

Webs. The bearing area upon which a girder is supported

reacts against the girder an amount equal to the pressure of

the load upon them
; or, the sum of the loads on the girder is

equal to the sum of the reactions. Hence, if there be but one

support as in a cantilever, this condition gives at once the re-

action. For a uniform load and a concentrated load at centre,

on two supports, it is evident that each reaction equals one half

of the load.

We have in this example a single concentrated load situated

at 5 feet from left support, whose span is 20 feet.

60 X I ^

Then R supports = 45 tons,

= I tons>

(Refer to article Shearing Forces on the Webs.)
The thickness of the web may then be determined as in the

previous example.

The one-half-inch thickness to be adopted and used from

end to end of girder ; otherwise we would require a variety of

thicknesses to be made up between each end, which is altogether

impracticable in small girders.
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Stiffeners. To determine whether we require stiffeners :

Safe resistance to buckling

10000 IOOOO
lbs - Per *! mch -

3oco/
a *

3000 X i X

But as we have adopted 6000 pounds for safe shearing, the

web will have to be stiffened throughout, at the bearings, under

the load, and every 3 feet, by 4" X 4" X f" angles riveted each

side of web. We have then for the thickness f
" + J" -f

"

=
-^

- inches, and the formula becomes

10,000
Safe resistance to buckling =- - = 8389 lbs.

*"
3000 x -v- x v-

Rivets. This example being a single-web girder, the rivets

will be in double shear
;
so we will take their bearing value,

which is less than the shearing. The bearing area = -J" X i"

X 15000 6562 pounds. The bending moment at load is 225
ton-feet

;
this divided by the depth gives the horizontal flange

strain each way from position of load to end of girder.

Then = 90 tons or 180,000 pounds.

This again divided by the value of the rivet gives the total

number of rivets required ; or,

180,000 = 27 nvets>

in a distance of 60 inches from the load to R support spaced
about 2^ inches centres.
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This is closer than they should be spaced in a straight line,

so we will have to stagger them as much as possible. (See

girder drawing, Fig. 23.) We will also require 27 rivets from

the position of load to R', a distance of 180 inches, spaced 6.6

inches. This is more than they should be spaced in a straight

line; as our maximum is 6 inches, we will space them accord-

ingly. Had we used the shearing stress for the rivet spacing,

we would have a uniform shear of 90,000 pounds from position

of load to R
y and a uniform shear of 30,000 pounds to Rf

.

At R, ^/
- = 3000 pounds per inch of run.

2.5 X 12

Spaced, = 2.19 inches centre to centre.

At R',
^ - = looo pounds per inch of run ;

2.5 X 12

Spaced, = 6.56 inches centre to centre.

Graphical Representation of Bending Moments and

Shearing Forces in a Girder with One Concentrated Load
not at Centre. According to our example we have a girder

of 20 feet span, sustaining a load of 60 tons 5 feet from left

support. Set the load W oi 60 tons to a reasonable scale off

along the line PPf

y Fig. 22. The line PP' is thus the polygon
of the given force, and PfP

t
its closing line, is the resultant.

Take any point O as pole, equal to ten units of the scale

adopted, and draw the radii OP and OP'. Then describe the

funicular polygon abc by drawing ab parallel to OP, termi-

nating in W7 produced, and be parallel to OP', terminating in

the prolongation downwards of R'. The funicular polygon is
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now closed by the line ca, and a line OS is drawn through

pole O parallel to ac. The bending moments are then found

in the same manner as described under Fig. 18. Then the re-

n

FIG. 22.

action of R will equal the distance by same scale from 5" to P9

and the reaction at R the distance from 5 to P'.

Or as a condition of equilibrium,

the reaction at R = PS, and at R' = SP.

The shearing forces, as in the previous example, are taken

from the hatched figure. By referring to the diagram it will

be noticed that the greatest shear on the web is at R support

measured from P to 5, and only a small percentage of the load

W is sustained by R! support.
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EXAMPLE III.

GIRDER SUPPORTING A UNIFORMLY DISTRIBUTED LOAD.

In a girder supported at both ends with a load distributed

over its entire length, the maximum bending moment is at the

centre, and is equal to one half the load multiplied by one

quarter the span, or

WL
8

To find the bending moment at any point in the girder,

when the load is uniformly distributed :

Make FD by scale, Fig. 24, equal M at centre of span, and

draw the parabola RDR' (see method of drawing parabolas,

FIG.

Figs. 26 and 27). Then rp measured by the same scale will

equal the bending moment at point r, and ut will equal the

moment at point u.
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Or the moment at any point r = half load on rR X rR', or

half load on rR' X rR.

W
-j- XrR

At r, M= x rR'.

W
-j-XuR

Atu,M= X

Example : What metal area would be required in the flanges

at the centre of a box girder of 30 feet span, 3 feet in depth, to

sustain 200 tons of a 1 6-inch wall distributed over its entire

length.

Here W= 200 tons, L = 30 feet, d = 3 feet,

A = area of flange, s 6 tons.

200 X 3.0

At centre, M ~- = 750 ton-feet,
o

750A =
2:
= 41.66 square inches.

200
- X 10

At r, M = x 20 = 666.66 ton-feet,

666.66
A =

g-
= 37.04 square inches.

200

~^~ XS
At u, M= -2 x 20 = 416.66 ton-feet,

. 416.66=
3X6

~ 2 ^' X ^ s(luare
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Then for the above girder we require in the flanges :

At centre, 41.66 square inches.

5 feet from "
37.04

10 " " "
23.15

Construction of Flanges. To make up the maximum
section at the maximum bending moment we would require :

Top flange = 2 angles 4" X 4" X If" = n.68 square inches.

3 plates each 16" X i
"

30.00
" "

Total, 41.69
" "

For the bottom flange the loss by rivet-holes will be the

thickness of plates and one angle, and then using ^-inch-diam-

eter rivets and allowing -J-
inch more, we have

-J-" -f-
"

-f-
"

+ if
" X I 2| square inches, for two rivets 2 X 2|" = 5.375

square inches, to be added to the bottom flange at centre, or

41.66" -|- 5.375" = 47 square inches.

Bottom flange 2 angles 4" X 4" X \\" = 11.68 square inches.

3 plates each 16" X i" = 36.00
"

Total, 47.68
"

Flanges Reduced in Area towards the Supports.
To place the plates of the flanges in their required position

for the calculated area, draw the diagram Fig. 25. From F'm
centre of span, make FD, by the same scale as in Fig. 24, equal
to the maximum bending moment at that point. Draw the

rectangle RCER'. From F place the scale at any angle, as at

Fe, until it measures 41.66 or 41.68 square inches.

For two angles set off 5.84 square inches, each, at a and b,

and three plates 16" X ", or 12 square inches, each, at c, d,

and e. Horizontal lines drawn from a, b, c, d, and e to the pa-

rabola RDR', and carried down to base line RR', will give the

position of the plates in the flanges.
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The angles to extend from end to end of girder, and the

adjoining plates are required to extend in like manner for prac-

tical reasons, which will be readily seen in all box girders.

FIG. 25.

The plates of the bottom flange are, for the reasons ex-

plained in the previous example, practically the same length as

those of the top flange, and should extend 12 inches beyond the

calculated length.

Webs. The reactions on the supports of a girder sustain-

ing a uniformly distributed load are each equal to one half the

total load, and the shearing force on the webs at each end of

400,000
the girder is equal to = 200,000 pounds.

Then * =
36x6ooo

= *92 ' nearly ** f an inch
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but as we have two webs, each will be equal to one half of |f
or if, say ^ inch, for the thickness of each web.

Stiffeners. To determine whether we require stiffeners,

only one web need be taken into consideration ; and if stiffeners

are needed, an angle can be riveted on the outside. Frequently
there is considerable shear on the webs

; angles are then riveted

inside and outside of each web.

Safe resistance to buckling

10000= x-
f-

= 3063 pounds per square inch.

I

3 X 3
h
3000 X i X i

The webs will have to be stiffened at the bearings.

At 5 feet from the bearing or supports the shear on the

webs is equal to f the shear at the bearings, or 133,333 pounds.

The safe shear against buckling of a 36-inch web -J inch thick

is 3663 pounds per square inch, as found above. The shearing

area of the web at 5 feet from the bearing is 36 X i = 18 square

inches.

Then 3663 X 18 = 65,934 pounds safe against buckling at

that point, and the shear on one web at the same point is

= 66,666 pounds; a stiffener is therefore required, and

one 2' 6" towards the bearings, but none, towards the centre, as

the shear is theoretically nothing at the middle of a girder uni-

formly loaded, but from thence increases by equal increments

towards each support (refer to shearing force diagram, Fig.. 28).

Rivets. The rivets connecting the webs to the flanges in

a box girder are in single shear
; therefore the shearing value

will be 7500 pounds per square inch, and is measured on the

area of the cross-section of the rivet.

The area of a {-inch-diameter rivet f
" X f

" X .7854 =
.6013 (see Table of Shearing and Bearing Resistance of Rivets) ;
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this multiplied by 7500 4510, the safe amount of strain each

rivet can sustain without shearing.

If the maximum horizontal strain in the flanges is divided

by 4510, there results the minimum number of rivets required

either way from the centre. Then from the example :

Maximum M = 750 ton-feet
;

750
Horizontal strain = - = 250 tons or 500,000 pounds ;

and divided by 4510= no rivets, to be placed a distance of

1 80 inches for one side, 360 inches for both, spaced about 3

inches centres.

On account of the horizontal increments of strain in the

web increasing towards the ends, the rivets should be spaced

closer as the ends are approached, say 2| inches for the first 5

feet, 3 inches for the next, and 4 inches for the remaining dis-

tance.

Method of Drawing Parabolas. Draw a horizontal RF,

Fig. 26, equal to half span of girder.

Set off DF perpendicular to RF, mak-

ing the former equal by scale to

the bending moment at that point.

Through D draw CD parallel and equal

to RF. The ordinates from any points

in CD to the parabola will be propor-

_^ tional to the square of the distances of
r

FIG. 26. those points from D. Thus if the

ordinate at a be I, then the ordinate at b, twice trie distance of

a from D, must be 4 ;
and so on.

To proceed practically, divide CD into a number of equal

parts (ri)
as at a, b, c, etc. Then if RC be divided into (V) parts,

each of these parts will be the required unit, one of which is the
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FIG.

offset at a
;
four at b

;
nine at c

;
and so on. Through the points

a', b', c', etc., thus determined,

the required curve can be drawn.

Parabola by the Construc-

tion of a Diagram. On the

span RR', Fig. 27, describe an

isosceles triangle whose height

is double that of the bending
moment. Divide the two sides

AR and AR' of the triangle into

any number of equal parts, and

draw lines as in the figure.

These lines will be tangents to the parabola, which may then

be drawn.

Graphical Representation of Bending Moments and

Shearing Forces for a Uniformly Distributed Load. A
uniform load may be considered as a system of equal and equi-

distant loads close together.

Thus in Fig. 28 the load area may be divided into any num-

ber of equal parts. The area of each part we may consider as

the load which acts at its centre of gravity, and lay it off to any
convenient scale in the force polygon, as at i, 2, 3, 4, ... 19, 20.

Since the reactions at R and Rr
are equal, we take the pole

O in a horizontal through the centre of force line PPf

t
and draw

the radii (9i, (92, #3, (94, . . . (92O. Then describe the funicular

polygon ab, be, cd, de, . . . vw, by drawing ab parallel to PO,
be to Oi, cd to (92, de to (93, . . . vw to <92O.

The funicular polygon is now closed by the line aw, and a

line OS is drawn through pole O (on OH in this example), which

is parallel to aw and to the girder. Any ordinate taken to this

parabola from the base line aw multiplied by the distance OH
will give the bending moment at any point in the girder.

To avoid any error in direction carried on by the lines being
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too short, one half the number of divisions will be quite suffi-

cient to get the moments.

The shearing forces on the webs are shown similar to the

n

FIG. 28.

previous examples, and are equal to the distances of the points

of the polygon of forces from 5.

Therefore the shearing forces are taken from the force poly-

gon used as ordinates as shown in the diagram, and the hatched

figure is the result.
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te
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EXAMPLE IV.

GIRDER SUPPORTING TWO CONCENTRATED LOADS.

In a girder supported at both ends, the bending moment at

any point produced by two loads is the sum of the moments

produced at that point by each load separately.

Draw the triangles Fig. 30, having vertices at /and h, repre-

senting bending moments for loads W
l
and W^ ,

as in Fig. 20, by

a X bM= L

Extend efto b, and gh to c, making each long vertical equal

to the sum of each moment at the position of each load, or eb
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equal to ef-\- ek, and gc equal to gh -\- gi. Any ordinate, as x

or/, measured from the base line ad to the polygonal figure

abed, will give by the same scale the moments at the corre-

sponding points in the girder.

Or the bending moment for

at W=

Example : What metal area would be required in the flanges

of a box girder of 25 feet span 2 feet in depth to sustain 30 tons

concentrated 10 feet from left support, and 70 tons 5 feet from

right support?

Here W^ = 30 tons, W^ 70 tons, L = 25 feet,

d= 2 feet, A = flange area, s = 6 tons.

At e for W19 M 30 X - = 180 ton-feet

20 X *>

At g for W^ ,
M 70 X

' = 280 ton-feet.

Draw the vertices ef and gh by scale equal to 180 and 280

ton-feet, respectively, and connect each to a and d; extend ef

(equal to ek) to b, gh (equal to gi) to c, and connect a, b, c, d.

Then eb and gc measured by the same scale will represent the

bending moments produced at e and g by Wl
and Wt

.

At x, M = 160 ton-feet,

1 60
A =

2~><f6
= I3 '33 Square inches'
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At e, M = 320 ton-feet,

320A = -;. = 26.66 square inches.
2 X u

Aty,M= 330 ton-feet,

33OA =
f. 27.5 square inches.

2 X O

At g, M= 340 ton-feet,

340A =
^
= 28.33 square inches.

It will be noticed that the maximum bending moment by
the diagram is under the load W^. As a check upon the scale

figures,

At W, for W, ,
M= W, X r = 70 X - = 280 ton-feet.

L, 25

= 60
*- 2 5

Total at Pr2 or at ^ = 340
"

Construction of Flanges. The maximum bending mo-

ment being under the greatest load, the greatest amount of

metal will be required in the flanges at that point. Then to

make up the proper flange section :

Top flange = 2 angles 6" X A" X -fa"
= 8.36 square inches.

1 plate 16" X i" = 8.00 " "

2 plates 1 6" X i" = 12.00 " "

Total, 28.36
" "
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For the bottom flange, deduct rivet-holes as in* our previous

examples. Then using {-inch-diameter rivets, and allowing \

inch more : for one hole use TV' + " + f
" + f

" X i" = fj

inches, for two holes f\ X 2 = 3.38 square inches, to be added

to the bottom flange at g, or 28.33 4~ 3-3& 3 1 -? 1 square inches.

Bottom flange = 2 angles 6" X 4" X TV' 8. 36 square inches.

I plate 16" X TV" = 9.00
"

I
" 16" X %" = 8.00 " "

I
" i6

x/ X %" = 6.00 " "

Total, 31.36
"

Flanges reduced in Area towards the Supports.
Construct the diagram Fig. 31 upon the span RR'

', making the

FIG. 31.

polygon RBDR' similar to the bending-moment polygon,

Fig. 30. At F
t 5 feet from right support, make FD equal to the
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maximum bending moment, 340 ton-feet. Draw the rectangle

RCER'. From F place the scale at any angle, as at Fe, until it

measures 28.36 square inches.

For two angles set off 4.18 square inches each at a and b\

one plate 16 X i = 8 square inches at c
;
two plates 16 X \ =

6 square inches each at d and e. Horizontal lines drawn from

a, b, c, d, and e to the polygon RBDR' and carried down to the

base line RR' will give the position of the plates in each flange.

Being a box girder, the angles and adjoining plates are required

to extend the full length, all other plates 12 inches beyond the

calculated area, to reach at least two cross-lines of rivets.

Webs. To find the reaction at /?', the right support, the

centre of the moments is taken at the left support. In like

manner to find the, reaction at R, the left support, the centre

of the moments is taken at the right support.

Then R f

supports (30 X 10) + (70 X 20) -r- 25 = 68 tons,

and R supports (70 X 5) + (30 X 15) -r- 25 32 tons.

As a check, the sum of R and R f

is seen to be 100 tons.

The thickness of web may then be determined by the for-

mula:

= or

AtR,T= _ Qr
.

21 X 6000

But as we have a box girder and two webs, adopting the

greater thickness, each will be one half of if or Jf , say inch,

for the thickness ;
this thickness to extend the entire length,

as explained under example of " One concentrated load not in

centre."

dk 24 X 6000
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Stiffeners. To determine whether we require stiffeners:

Safe resistance to buckling

= = 5656 Ibs. per square inch.
24 X 24

"*"
3000 X i X i

<-

As this is almost what we have adopted for shearing (6000

pounds), the web will have to be stiffened at the bearings and

under each concentrated load. A 3 X 3 X f inch angle on the

outside of the web will be sufficient for the purpose (see girder

drawing, Fig. 33).

Rivets. The shearing area being less than the bearing, the

former will have to be adopted.

The area of a {-inch-diameter rivet = $ X X .7854 =
.6013. This multiplied by 7500 = 4510 pounds, safe shear for

each rivet. The maximum bending moment at^.

M 340 ton-feet, and divided by the depth, the horizontal

strain = &$&- 170 tons or 340,000 pounds ;
and then divided

by 4510 75 rivets, to be placed a distance of 60 inches for

one web or 120 inches for both, spaced about if inches centres

from position of maximum M to R' support. As this is less

than the minimum spacing in a straight line previously

adopted, the rivets will require to be staggered. This is also

the practical reason why large angles, with the longer leg

vertical, became necessary.

By referring to the graphical shearing-force diagram, Fig.

32, it will be seen that the horizontal increments of strain in

the web are uniform from g to R'\ therefore rivets will be

spaced if centres that distance.

In dividing the 75 rivets in the distance from ^to e it will

be noticed in the diagram that there is little shear in the webs

between e and g. We will therefore space the rivets the maxi-

mum adopted, or 6 inches centres.
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The rivet spacing between e and R will have to be spaced

by the horizontal strain at that point.

At e, M 320 ton-feet, and divided by the depth, the

horizontal strain -Np-
= 160 tons or 320,000 pounds; and

then divided by 4510 = 70 rivets, to be placed a distance of

1 20 inches for one web, 240 inches for both, spaced about 3T\
inches from e to R support.

Graphical Representation of the Bending Moments and

Shearing Forces in a Girder supporting Two Concentrated

Loads. We have in the example a girder of 25 feet span sus-

taining a concentrated load of 30 tons 10 feet from left support

T

FIG. 32.

and 70 tons 5 feet from right support. We shall first determine

R and R', the pressure on the supports, and then the vertical

or transverse stresses.
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Set the given forces W^ and W^ off in succession along the

line PP, Fig. 32, W, of 30 tons at I, W^ of 70 tons at 2. The
line PP is thus the polygon of the given forces W^ Wt ,

and

P'P, its closing line, is their resultant.

Take any point O as pole, equal to ten units of the scale

adopted, and draw the tadii OP, Oi, O2. Then describe the

funicular polygon abed by drawing ab parallel to OP, terminat-

ing in W^ produced ;
be parallel to Oi, terminating in W^\ and

^ parallel to O^, terminating in the prolongation downwards

of R f

. The funicular polygon is now closed by the line da,

and a line OS is drawn through the pole O parallel to da.

Then as a condition of equilibrium,

the reactions at R = PS, and at r = SP'.

Any ordinate from ad in the funicular polygon, as xy, meas-

ured to the inclined line ab, be, or cd, multiplied by the pole

distance OH, will give the bending moments at any point in the

girder.

The shearing forces are equal to the distances of the

various points of the polygon of forces from S.

Accordingly the hatched figure gives the shearing forces at

any section of the girder ;
and the shear on the webs can be

measured by the same scale.

The shear on the web from R' support to the /o-ton load

W^ is uniform, as is also the 3<D-ton load W
l
to R support.

Between the two loads it will be noticed that there is but

little shearing force.
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EXAMPLE V.

GIRDER SUPPORTING TWO CONCENTRATED LOADS AND A
UNIFORMLY. DISTRIBUTED LOAD.

In a girder supported at both ends, the bending moments
at any point produced by all the loads is the sum of the

moments produced at that point by each of the loads sepa-

rately. This is a combination of the two previous examples, and

each is to be taken separately.

The polygon for the concentrated loads to be drawn under,

and the parabola for the uniform load over, the girder.

Example : What metal area would be required in the

flanges of a box girder 16 inches wide, 32 feet span, 3 feet in

depth, to sustain 60 tons concentrated 10 feet from right

support, 40 tons 10 feet from left support, and a uniformly
distributed load of 80 tons, with 6 tons unit strain per square
inch in the flanges ?

Draw the triangles Fig. 34, having vertices at f and h, rep-

resenting bending moments by

M = W X ?- for loads W
l
and W, (Example II).

At etorWl9 M = 40 X
IO X 22 = 125 ton-feet.

At g for Wt , M = 6ox
IO X 22 = 412.5 ton-feet.

Draw the vertices *>/ and gh by scale equal to 125 and 412.5

ton-feet respectively, and connect each to ad\ extend ef (equal

to ek) to b, and gh (equal to gi) to c, and connect a, b, c, d.
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Then eb and ge measured by same scale will give the bend-

ing moments produced at e and g by Wl
and W^ .

FIG.

Draw the parabola for the uniform load, making FD, by

the same scale as for the concentrated loads, equal to the

moment at the centre of the girder by formula :

- 320 ton-feet.At centre,M= =

The bending moment due to the two concentrated loads and

the uniform load at any point in the girder is equal at that
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point to the sum of the ordinates of the parabola RDR' and

the polygon abed.

Then at W^ ,
the ordinate of the parabola mn and the poly-

gon gc,

M = 812.5 ton-feet.

Or at g9
for W,,M=6ox

22 * *' = 412.5 ton-feet ;

* " W19 M=4QX ~ = 125.0
"

8 \x JQ
f for uniform load = '

X 22 = 275.00
"

Maximum M = 812.5
"

812.5
Flange area =-^

= 45.12 square inches.

Construction of Flanges. Then to make up the 45.12

square inches in the flanges at g, we would require :

Top flange = 2 angles 6" X 4" X "
11.72 square inches.

1 plate 1 6" X |" =12
2 plates 16" X }-" = 22.00 "

Total, 45.72
"

For the bottom flange we deduct rivet-holes, then using

-J-inch-diameter rivets and allowing -J.
inch more, we have for

one hole H + T! + H + H X I = 2|f inches, for two holes

2^2. x 2 = 5^- square inches, to be added to the bottom flange

at^-, or 45.12 -(- 5.525 50.62 square inches.

* Refer to formula under girder of one concentrated load not at centre.

f Refer to formula under girder of a uniformly distributed load.
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Bottom flange = 2 angles 6" X 4" X " = 11.72 sq. in.

I plate 16" X $" = 14.00
" "

I
" 16" x |f" 13.00

" "

I
" 16" X f" = 12.00 " "

Total, 50.72
" "

Webs. The reactions due to both uniform and concen-

trated loads may be obtained by adding together the reactions

due to the uniform load and each concentrated load, or they

may be computed in one operation.

To find the right reaction, R'
',
the centre of moments is

taken at the left support and the uniform load regarded as

concentrated at its middle ; then the equation of moments is

R' X 32 = 60 X 22+40 X 10+80 X 1 6,

from which R' = 93.75 tons. In like manner, to find R the

centre of moments is taken at the right support and

R x 32 =-6o X 10 + 40 X 22 + 80X 16,

from which R = 86.25. As a check the sum of R' and R is

seen to be 180 tons, which is the same as the sum of the two

concentrated loads and the uniform load.

The thickness of web may then be determined by the for-

mulas :

Adopting the greater thickness and having two webs, each

will be one half of or TV
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Stiffeners. To determine whether we require stiffeners :

Safe resistance to buckling

IOQOO x- ,,
- = 3069 Ibs. per square inch.

,

3000 X T\ X A

But having adopted 6000 Ibs. per square inch as the safe

shear, we will require stiffeners to be placed throughout the

length, from W6
to R and W^ to R', spaced about 3 ft. centres.

No stiffeners are required between W
6
and W^ ,

there being

little shear on the webs in that length. Refer to the diagram

Fig- 35-

Then to stiffen the web against buckling, place a 4" X 4"

Xi" angle outside- of web. We then have for the thickness ^
-|-

= if inch, and the formula becomes:

Safe resistance to buckling

=
^ ^

= 6700 Ibs. per square inch.

1 +
3000 X if X H

Rivets. The shearing area is again used in this example
and -J-inch-diameter rivets.

The safe single shear for each rivet by table = 4510

pounds per square inch. The maximum bending moment is

at g, and M= 812.5 ton-feet. Then divided by the depth,
8 T 9 C

the horizontal strain = - = 270.2 tons or 540,400 pounds.

This divided by 4510 = 119 rivets, to be placed a distance

of 1 20 inches for one web or 240 inches for both, spaced about

2 inches centres (staggered) from position of maximum M to

R support, from g to e. It will be noticed in the diagram Fig.

35 that there is but little sheer on the web
;
therefore the max-

imum (6 inches) spacing should be adopted.
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The rivet spacing from e to R will be regulated by the

horizontal strain at that point.

At e, M = 737.625 ton-feet.

737.625in ' **' JHorizontal strain = '-2L^ - = 245.875 tons or 491,750 pounds,

and then divided by 4510 = 109 rivets, to be placed a distance

of 120 inches for one or 240 inches for both webs, spaced about

2^ inches (staggered) from e to R support.

Graphical Representation for Two Concentrated Loads
and a Uniform Load. In the following diagram, Fig. 35, we

111

FIG. 35.

Tiave a combination of the previous examples. The uniform

load to be considered is a system of equal and equidistant loads
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close together, as in Fig. 28. In determining the reaction on

the support, we set the given loads W
l ,
W

9 , W^ , . . . W
16 off in

succession along the line PP. The uniform load of 80 tons

being divided into 16 parts, each equal to 5 tons, set W^ of 5

tons at i
; W^ of 5 tons at 2

;
IV

S
of 5 tons at 3 ;

Wt of 5 tons

at 4 ;
Wb of 5 tons at 5 ;

W
t ,

the concentrated load, at 6
;
and

so on to the end. The 'line PP' is then the polygon of the

forces, and P'P, the closing line, is the resultant.

Take any point O as a pole equal to ten units of the scale

adopted, and draw the radii OP, Oi, O2, #3, #4, #5, . . . 6>i8.

Then describe the funicular polygon abed . . . stuv by drawing
ab parallel to OB, be parallel to Oi, terminating in the prolong-

ation of W
l ;

cd parallel to (92, terminating in W
9 produced ; . . .

finally, uv parallel to (9i8, terminating in the prolongation

downwards of R'.

The funicular polygon is now closed by the line va, and a

line OS is drawn through the pole O parallel to va.

Then as a condition of equilibrium

the reaction at R = PS, and at R f = SP'.

Any ordinate from av in the funicular polygon and meas-

ured to the inclined lines ab, be, cd, de, . . . uv, multiplied by
the pole distance OH, will give the bending moment at any

point in the girder.

The shearing forces on the web can be measured on the

hatched figure as explained in our previous examples. The

greatest shear is at the bearings, and extends from the con-

centrated loads W6
and Wia

to R and R'. There is little or

no shear on the web in centre of the girder.

The Area of Flanges reduced by the Funicular Poly-

gon. Construct the diagram Fig. 36, by drawing the polygon

RDR' similar to the funicular polygon Fig. 35.

From a point on the closing line RR f

directly under the
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maximum bending moment at F, draw FD at the same point ;

place the scale at any angle until it meets DD' perpendicular

to FD at e, measuring 45.12 square inches of the top flange.

For the two angles set off 5.86 square inches each at a and

b, then one plate 16 X I or 12 square inches at c, two plates

FIG. 36.

16 X -fi or II square inches each at d and e. Horizontal lines

drawn to FD. and again lines drawn from FD parallel to RR'

,

intersecting the polygon and carried up to RR'
,
will give the

position of the plate in each flange. The angles and adjoining

plates to extend the full length of girder. The other plates to

extend over the calculated distance to reach at least four cross-

lines of rivets.
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EXAMPLE VI.

GIRDER SUPPORTING THREE CONCENTRATED LOADS.

In a girder supported at both ends, the bending moment at

any point produced by three concentrated loads is the sum of

the moments produced at that point by each load separately.

Example : What metal area would be required in the flanges

of a. boxgirder vi 35 feet span, 2 feet 6 inches in depth, to sustain

40 tons concentrated 5 feet and 70 tons 15 feet from left sup-

port, and 60 tons concentrated 10. feet from right support,

the girder to be 20 inches wide ?

Draw the triangles Fig. 38 as in the previous examples,

having vertices at t, i, and , representing bending moments by

for loads W^ W9 , and Ws ,
as in Example II.

At H, for W, , M= 40 X
5 * 3 = 171.43 ton-feet

T f \y 20
At/, for W9 . M= 70 X 3~ = 600.00 "

IO

At^for W,, M= 60 X

Draw the vertices ht, /*', and gk by scale equal to 171.43, 600,

and 428.57 ton-feet respectively. Connect each to R and R'.
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Extend ht to b, equal to the sum of hr and hs
;
extend fi to

, equal to the sum of fo andfn; extend > to d, equal to the

sum of gl andgm. Connect a, b, c, and d. Then hb,fc, and gdy

FIG. 38.

measured by same scale, will represent the bending moments

produced at h, f, and g in the girder by loads Wiy W^ and W
9
.

At any point in the girder, as x, y or z will, by same scale

measured from base line ae to the polygon abcde, represent

the bending moments at their respective points.

Then by scale :

At h, M= 457.13 ton-feet. At/, M= 878.57 ton-feet.

x,
" = 714.28

" "
g,

" = 785.71

/,
"

=971.42
" "

z,
"

=392-85
"
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From the above diagram it will be observed that the maxi-

mum M occurs at point f. For the proof refer to Fig. 20,

diagram of one concentrated load not at centre.

At /, for Wt , M= 70 X ^- = 600 ton-feet.

At/, for W, ,M= 40 X ~ = 1 14.28
"

At/, for W9 ,
M= 60 X~ - 257.14

Max. M = 971.42
"

Area of flange = ^ = 64.76 square inches.

Construction of Flanges. To make up the 64.76 square

inches in the flanges at/ we would require :

Top flange = 2 angles 6" X 4" X f
" = 11.72 square inches.

i plate 20" X i"
' = 15.0

3 plates 20" X f
"

=37-5

Total, 64.22
" "

.54 of an inch less than required.

For the bottom flange we deduct rivet-holes. Then using

J-inch-diameter rivets and allowing -J inch more, we have for

one hole
" + |" + |" + f

" + |" X i" = -2
/, for two holes

_2^. X 2 $/-
= 6f square inches. On account of the closeness

of the rivets it will be noticed, by referring to the girder

drawing Fig. 41, another hole in the vertical leg of the angle

will require to be deducted ;
we have then for one hole f X i

=
-,
for two holes

-| X 2 = - =
i^- square inches, to be added
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to the bottom flange at/, or 64.76 + 6.375 +' 1.25 = 72.385

square inches. Then

Bottom flange: 2 angles 6" X 4" X " = 11.72 sq. inches.

4 plates 20" X i" = 60 " "

Total, 71.72
" "

Webs. To find the right reaction at R', the centre of

moments is taken at the left support. Then the equation of

moments is

^'X 35 =40 X 5 + 70 X 15 + 60X25,

from which R' = -25.- = 78.57 tons. In like manner to find

R, the centre of moments is taken at the right support, and

^ X 35 = 60 X 10 + 70 X 20 + 40 X 30,

from which R = = 91.43 tons. As a check, the sum of

R' and 7 is seen to be 170 tons.

Then the thickness of the web becomes

== *873 ' nearly * f

30X6000

182860
At *' ' = - = J ' 15 ' say l mch '

Adopting the greater thickness and having two webs, each will

be inch thick.
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Stiffeners. To determine whether we require stiffeners :

Safe resistance to buckling

10000

3Q x 3Q
= 4545 pounds per square inch.

1

3000 x i X &

This being less than 6000 pounds, the safe shear per square

inch, the webs will require stiffeners at bearings, under each

concentrated load, and the intervening distances from R to

W
1 , Wl

to W^ ,
W

z
to R f

, every three feet. No stiffeners are

required between W^ and W^. Refer to Diagram Fig. 40.

Then to stiffen web at the above-stated points, place a 4"

X 4" X f" angle on outside of each web, and the formula

becomes :

Safe resistance to buckling
1

10000

3
= 7184 pounds per square inch.

3000 X X

Rivets. The safe shearing area of a f-inch-diameter rivet

from table = 4510 pounds.

The maximum bending moment at/:

M 971.42 ton-feet

Horizontal strain = -- = 388.66 tons or 777,320 pounds.

This divided by 4510 = 170 rivets, to be placed a distance

of 1 80 or 360 inches in both webs, spaced about 2\ inches

(staggered) from /"to R support.
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The maximum bending moment

79

M = 785.71 ton-feet.

Horizontal strain = - = 314.4 tons or 629,000 pounds.

Then divided by 4510 = 139 rivets, to be placed a distance

of 1 20 inches for one or 240 inches for both webs, spaced about

if inches (staggered) from g to R'.

The rivets to be spaced between W^ and W
z ,
6 inches centres.

Flange Plates reduced in Area towards the Sup-
ports. Draw the diagram Fig. 39, as in our previous examples,

upon the span R R', making the polygon RBDGR' similar

to the bending moment polygon, Fig. 38. At F, 15 feet from

R support, draw FD equal to the maximum.

./D\

FIG. 39-

Bending moment due to the sum of the load Wlt IV. , and W*
at that point, or 971.42 ton-feet. Draw the rectangle RCER' ;
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then from F place the scale at any angle, as at Ff, until it

measures 64.76 square inches of the top flange. For two angles

set off 5.86 square inches each at a and b ; one plate 20" X J",

or 15 square inches, at c
; 3 plates 20" X I", or 1.25 square inches,

each at e, d, and f. Horizontal lines drawn from a, b, c, d, e,

and /to the polygon and carried down to base line RR' will

give the position of plates in each flange.

The angles and adjoining plates to extend the full length of

girder. The plates to extend over the calculated lengths, equal

to two cross-lines of rivets.

Graphical Representation of the Bending Moments
and Shearing Forces for Three Concentrated Loads.

We have in this example a girder of 35 feet span, to sustain a

FIG. 40.

concentrated load of 40 tons 5 feet from R support, 70 tons

2O feet, and 60 tons 10 feet, from R' support. We shall first
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determine, as in our previous examples, the pressure on the

supports.

Set the given loads W
l , W^ ,

and W
9 , Fig. 40, off in succes-

sion along a line PP' : W
l
of 40 tons at I, W^ of 70 tons at 2,

and W
a
of 60 tons at 3. The line PP' is thus the polygon of

the forces W^ , W^, and W
a ,
and P'P, its closing line, is their

resultant. Take any point O as pole, equal to ten units of the

scale adopted, and draw the radii OP, O\, O2, O$. Then

describe the funicular polygon abcde by drawing ab parallel

to OP, terminating in W^ produced, be parallel to Oi, cd

parallel to O2, terminating in the prolongation of W^ and W
z

respectively, and de parallel to 6>3, terminating in the prolonga-
tion downwards of R' . The funicular polygon is now closed by
the line ea

t
and a line OS is drawn through the pole O parallel

to ea. Then as a condition of equilibrium,

the reaction at R = PS, and at Rf = SP*.

The bending moments at any point in the girder can be

measured by the ordinates of the funicular polygon multiplied

by the pole distance OH. The shearing forces at any point on

the webs to be measured from the hatched figures. The maxi-

mum shear on the webs is at R support, and is equal by scale

to 91.43 tons, the same as previously calculated.
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EXAMPLE VII.

GIRDER SUPPORTING FOUR CONCENTRATED LOADS.

The bending moment at any point produced by all the

loads is the sum of the moments produced at that point by each

of the loads separately, being the same as two and three con-

centrated loads.

Example : What metal area would be required in the

flanges of a box girder of 40 feet span, 3 feet in depth, to sustain

20 tons concentrated 5 feet and 60 tons 15 feet from left sup-

port, 50 tons 10 feet and 30 tons 5 feet from right support,
the girder to be 20 inches in breadth.

Draw the triangles, Fig. 42, having vertices at n, t, x, and q,

representing bending moments by

M=Wx ^L* for loads W19 W91 W%9 and W, (as in Ex. II).
J-i

At g, for W19 M = 20X --- = 87.5 ton-feet.
40

At k, for W, ,
M = 60 X I5 X 25 = 562.5

4

At i, for W3 ,
M = 50 X IQX3 = 375

40

At k, for W< ,
M = 30 X - 5 X 35 = 131.25

40

Draw the vertices gn, ht, ix, and kq by scale equal to 87.5,

562.5, 375, and 131.25 ton-feet respectively, and connect each
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with R and Rf
. Extend gn to b, equal to gl -\- gm -\- go ;

ex-

tend ht to c, equal to hp -\-kr-\- hs
;
extend ix to d, equal to

iu + w + iw \ extend kq to e, equal to /;
' + ky -f- kz. Con-

Is

FIG. 42.

nect #, , r, d, e, f. Then ^, he, id, and ^^, measured by same

scale, will represent the bending moments produced at g, h, i,

and k in girder by loads W^ , W^, W3 ,
and Wt

.

Then at g, M 356.25 ton-feet
;
at *',
M 781.25 ton-feet.

atfi,M= 868.75
" a,t&,M= 737-50

The maximum bending moment due to the several loads it

can be seen at a glance on the diagram is under the load at h,
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the point in the girder requiring the greatest amount of metal

in the flanges.

At h, df= 86875.

Of. O- - = 48.27 square inches in the top flange.

Construction of Flanges. To make up the required sec-

tion we will construct the section as follows :

Top flange = 2 angles 5" X 3i" X fj-"
= 10.74 sq. inches.

3 plates 20" X f" = 37-5

Total, 48.24

For the bottom flange we deduct the rivet-holes, then using

J"-diameter rivets and allowing
"
more, we have for one hole

H" + V + *" + *" X '" = H"> f<>r two holes ft X 2 =
.8|-
=

5-J square inches, to be added to the bottom flange at h
y

or 48.24 + 5- I2 5 SS-S^S square inches.

Bottom flange = 2 angles 5" X 3|
v X H" = IO-74 sq- inches.

2 plates 20" X i" = 30.00

I
" 20" X %" = 12.$

"

53-24
"

Webs. To find the shear on the web at R', the centre of

moments is taken at R.

Then ^ X 40 = 20 X 5 + 60 X 15 + 50 X 30 + 30 X 35>

from which R' 88.75 tons 177,500 pounds.

In like manner to find R, the centre of moments is taken

at R'.

Then R X 40 = 3<> X 5 + 5 X io+6oX 25 + 20 X 35,
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from which R = 71.25 tons or 142,500 pounds. As a check, the

sum of R' and R is seen to be 160 tons, which is the sum of

the four loads.

The thickness of web is then determined by the greatest

shear.

Having two webs, each will be fa" thick.

Stiffeners. To determine whether we require stiffeners :

Safe resistance to buckling

10000 * j -1.= 3069 pounds per square inch.
36X36

3 X TV X TV

Having adopted 6000 Ibs. per square inch for safe shearing,

the webs will require to be stiffened at the bearings, also under

each concentrated load and between W
3
and W^ ,

IV4 and R'

support, two stiffeners between Wt
and W

l ,
and one between

W
l
and R support. Between loads W^ and W

3
there is very

little shear (see diagram Fig. ).

By riveting 4" X 4-" X -fa" angeles on the outside of webs,

we have for the thickness of each web fa" -\- -fa"
= \^".

Then the formula becomes

- = 6392 Ibs. per square inch.

I + 36 X 36

Rivets. Using f-inch-diameter rivets, the safe shear per

square inch from table equals 4510 Ibs.
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The maximum bending moments at k:

M 868.75 ton-feet.

O^T O fj ml

Horizontal strain = = 289.58 tons or 579,160 pounds.

This divided by 4510= 128 rivets, to be placed a distance of

1 80 in one or 360 inches in both webs, spaced about 2|f
inches from h to R support.

The maximum bending moment at i:

M = 781.25 ton-feet.

Horizontal strain ==- = 260.41 tons or 520,820 pounds.

This divided by 4510 = 115 rivets, to be placed a distace

of 180 in one or 360 inches in both webs, spaced about 3^-

inches from i to R r

support.

The rivets between h and i to be spaced 6 inches centres.

Flange Plates Reduced in Area towards the Sup-

ports. Draw the Diagram Fig. 43 equal and similar to the

polygon Fig. 42, a, b, c, d, e, and f representing the bending
moments due to the sum of all the loads at the points^*, h, i, and k.

Draw the rectangle RCER'. Then from F place the scale

at any angle, as at Fe, until it measures 48.2 square inches of

the top flange. For two angles set off 5.37 square inches each at

a and b\ three plates 20" X f" or 12.5 square inches each at

c, d, and e. Horizontal lines drawn from a, ft, c, d, and e to the

polygon and carried down to base line RR will give the position

of plates in each flange.

The angles and adjoining plates to extend the full length
of girder.
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The plates to extend over the calculated lengths equal to

four cross-lines of rivets.

FIG. 43 .

Graphical Representation of the Bending Moments
and the Shearing Forces for Four Concentrated Loads.
We have in this example a girder of 40 feet span to sustain

concentrated loads of 20 tons 5 feet and 60 tons 15 feet from

R support, 50 tons 10 feet and 30 tons 5 feet from R' support.

Set the given loads W^ W9 ,
WZ1 and W, , Fig. 44, off in

succession along a line PP ': W
l
of 20 tons at I, W^ of 60 tons

at 2, W^ of 50 tons at 3, and Wt of 30 tons at 4. The line PP'

is thus the polygon of the forces W^ ,
W

y ,
W

a ,
and W^ and

PP'', its closing line, is their resultant. Take any point O as

pole, equal to ten units of the scale adopted, and draw the radii

-OP, (9i, O2, (93, 6^4. Then describe the funicular polygon
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abcdef, by drawing ab parallel to OP, terminating in W, pro-

duced
;
be parallel to Oi, cd parallel to 6>2, de parallel to 6>3, ef

parallel to #4, terminating in the prolongation of R! down-

FIG. 44.

wards. The funicular polygon is now closed by the line fa,

and a line <9S is drawn through the pole O parallel to fa.

Then as a condition of equilibrium

the reaction at R = PS, and at R' = SPf
.

The bending moments at any point in the girder can be meas-

ured by the ordinates of the funicular polygon multiplied by

the pole distance Off.

The shearing forces on the webs to be measured from the

hatched figure.
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EXAMPLE VIII.

STEEL GIRDER SUPPORTING FIVE CONCENTRATED LOADS.

In this example the calculations for the shear on the webs

and the transverse strains at any cross-section of the girder will

be purely graphical.

Example : What metal area would be required in the

flanges of a steel box girder of 50 feet span, 4 feet in depth, to

sustain the following concentrated loads : 30 tons 10 feet, 40
tons 15 feet, 60 tons 20 feet from left support, 100 tons 20

feet and 50 tons 10 feet from right support?

7 tons unit strain per square inch for the flanges, and 7000

pounds safe shear per square inch on the webs.

Draw the diagram representing the girder, Fig 47, to a

scale of of an inch per foot, with two supports and loaded

with W^ , W^, Ws , W^, and W
6 , representing each concentra-

ted load respectively.

Set the given loads off in succession along the line PP' by
same scale, equal to 10 tons per foot : W

l
of 30 tons 3 feet at

I
; Wz

of 40 tons 4 feet at 2
;
W

s
of 60 tons 6 feet at 3 ; W4 of 100

tons 10 feet at 4 ; W^ of 50 tons 5 feet at 5. The line PP' is

then the polygon of the forces W
l

. . . W^, and P'P, its closing

line, their resultant.

Take any point O as pole, say 10 feet distant from PP'
, and

draw the radii OP, Oi, O2, #3, #4, and O$. Then describe

the funicular polygon abcdefg, by drawing ab parallel to OP,

terminating in W
l produced ;

be parallel to Oi, terminating in

the prolongation of W
z

. . .
;
and finally^ parallel to O$> ter-

minating in the prolongation downwards of R'.

Close the funicular polygon by the line &a y
and draw

through the pole O a line OS parallel to ga.
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Then the reaction at R will equal the distance measured

from S to P, and the reaction at R' the distance from 5 to P
;

or, the shearing forces are equal to the distances of the various

points of the funicular polygon of forces from 5. Accordingly

the shearing iorces have been taken from the poiy^on of forces

FIG.

and used as segments of PP', to which they correspond ;
thus

the hatched figure is obtained which is termed the "
shearing-

force diagram."

The shear on the web by scale :

At R = 13 feet 9$ inches,* or 13.8 X 10 = 138 tons.

At R f = 14
"

2|
" "

14-2 X 10 = 142
"

* To facilitate the calculation it would be well to adopt a scale in tenths

instead of in feet and inches.
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Then the thickness of webs at R,

276000 =
48 X 7000

The girder having two webs, each will be T\ of an inch

thick.

Each web will therefore require to be -^ of an inch thick from

end to end, and 48 inches in depth.

To repeat :

The shear under load W, = .................. 138 tons.

" " "
W^ = 138 30 = 108 "

" " " " W
9
= 138 (30 + 40) = 68 "

" " " "
W^ 142 50 = 92

"

" W
6
= .................. 142

"

From the above it will be noticed that the thickness of

webs would vary from each concentrated load towards the

supports ;
if they were proportioned accordingly, it is doubtful

whether the saving in iron would compensate for the additional

splicing, punching, and riveting; in very large girders there

would be, but for girders 4 feet in depth and under it is hardly

practicable.

Determination of the Bending Moments. The maxi-

mum bending moment in the girder is at the greatest load, W< ,

and the distance by scale from e in the funicular polygon to

the closing line ga measures 23 feet
4-J-J inches, or 23' 4". This

multiplied by 10 (as we adopted a scale of 10 tons per foot),

and again by the pole distance, 10, (OH,) = 2340 ton-feet.

Area of flange = - = 83.57 square inches at W..4X7
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At W11 M measured from b to the line ga = 13 feet o/|

inches, or 13.8 X 10 X 10 = 1380 ton-feet.

1380A = - = 49 square inches.

At W3 ,
M measured from C= 19 feet 2f inches, or 19.2

X IO X IO = 1920 ton-feet.

A = = 68.57 square inches.
4X7

At W3 ,
M measured from D = 22 feet 7T

3
^ inches, or 22.6

X IO X IO = 2260 ton-feet.

2260A = - - = 8o.7 square inches.
4X7

At W6 ,
M measured from/= 14 feet 2f inches, or 14.2 X

IO X IO = 1420 ton-feet.

A = = 50.7 square inches.
4X7

Construction of Flanges. To make up the 83.57 square

inches in the top flange at e, we construct the section as

follows :

Top flange = 6" X 6" X ffr" =18.12 square inches.

2 plates 24" X i" = 36.00
"

2 "
24" X f

" = 30.00
"

Total, 84.12
" "

For the bottom flange deduct two rivet-holes in the hori-

zontal leg of the angles connecting the flange and two holes in

the vertical leg connecting the webs, then using f-diameter

rivets and allowing -J" more, we have for one hole in the flange

H" + i" + i" + *" + 1" X i" = 3A", for two holes 3lV X
2" = inches.
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For one hole in the vertical leg of the angle" f X I = f I

for two holes f X 2 = i square inches. Then for the bottom

flange 83.57 + 7- I2 5 + *-5 = 92 - ! 95 square inches.

Bottom flange = 2 angles 6" X 6" X " = 18.12 sq. inches,

i plate 24" X 4" = 21.00 "

3 plates 24" X f
" = 54.00

"

Total, 93.12
"

Stiffeners. To determine whether we require stiffeners :

Safe resistance to bucklingfor steel

= 2200 Ibs. per square inch.

!+ 48X48
r
3000 x TV x Tv

Having adopted 7000 pounds per square inch for shearing,

the webs will require to be stiffened at the bearings, under

each concentrated load
;
one stifTener between R and W

l ,
one

stifTener between W4 and Wb ,
and two between W6 and R' sup-

port.

By riveting 5 X 5 X f angles on the outside of the webs

at the above points, we have for the thickness of each web

i + TV = if inches -

Then the formula

nooo . ,= 7448 Ibs. per square inch."
.

48 X48
I" 3000 x if x 41

Rivets. Using f-inch-diameter rivets, the safe shear per

square inch equals 4510 pounds.

The maximum bending moment at e:

M = 2340 ton-feet.

Horizontal strain = ^4? 585 tons or 117,000 pounds.
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This divided by 4510 = 259 rivets, to be placed a distance

of 240 inches in one or 480 inches in both webs, spaced about

l inches (staggered) from e to R' support.

From to R support the 259 rivets to be placed a distance

of 360 inches in one or 720 inches in both webs, spaced about

2if inches. On account of the greatest horizontal increments

of strain in the web at the supports, the rivets should be spaced

closer as the ends are approached.

Area of Flanges reduced towards the Supports.

Construct the diagram Fig. 48 by drawing the polygon

RBCDGR' similar to the funicular polygon, Fig. 47.

FIG. 48.

From a point on the closing line RR' directly under the

maximum bending moment at F draw FD. At F place the

scale at any angle, as at Fg, on a horizontal line DD', until it

measures 83.57 square inches of the top flange. For two angles

set off 8.6 1 square inches each at a and b
;
two plates 24 X J, or
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18.36 square inches, each at c and d\ two plates 24 X f, or 15.3

square inches, each at e and f. The additional inch in the top

plate extends beyond the line D '

D. Horizontal lines drawn

from ab ... /to FD, then to the polygon parallel to RBCDGR',

and carried up to the base line RR'
y
will give the position of

the plates in both flanges.

The angles and adjoining plates to extend the full length

of girder.

The other plates of the flanges to extend longer than the

calculated distance, as previously explained.

A Cantilever Girder. A simple girder is a girder resting

upon two supports ;
a cantilever girder rests upon one support,

in its middle, or the portion of any girder projecting out of a

wall or beyond a support.

We have so far considered the effect of loads on girders

supported at each end.

The bending moment of a girder resting on one support, as

a cantilever, is equal to the weight multiplied by the distance

from the weight to the support, or

M= WL.

The bending moment at any point in the girder when the

weight is at the end is equal to the weight multiplied by the

distance from the support minus the distance from the support

to point desired, or

M= W(L-x\

Suppose we have the cantilever Fig. 49, loaded at the end

with W. Then will the bending moment at any section, as at

x. be obtained by multiplying Wby bx
;
that at RF being WL.

If now we lay off FD to scale to represent this, and join D
with the end of girder, then will any ordinate, as x or /, repre-
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sent (to the same scale) the bending moment at a section x
or y.

The strains in top and bottom flanges are reversed to those

in a simple girder supported at both ends the bottom flange is

FIG. 49.

in compression, while the top is in tension; but the calculations

for the rivets, buckling and shearing of the webs are the same.

The shear on the web will be equal to the total load, or

S=W.

Girder fixed at one End supporting a Uniformly
Distributed Load. If we have a uniformly distributed load,

we would have for the line corresponding to FD a curve

(concave), or

Then any ordinate, as x or j, drawn to the curved line will

represent the bending moments at the corresponding point of

the girder.

The shearing stress will equal the total load the same as

before.
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Girder fixed at one End and supporting Two or

More Loads. When we have more than one load on the

girder we must draw the line D to W for each load separately,

and then find the actual bending moment at any point by tak

ing the sum of the ordinates (drawn from that point) of each

of these separate straight lines or curves.

If we then draw a new curve whose ordinates are these

sums, we shall have the actual bending moments for the girder

as loaded.

The Relative Strength of Cantilever and Simple
Beams. The following table exhibits the most important
results relating to the relative strength of cantilever and simple

girders :

Uniform Cross-section.
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The Moment of Inertia for Rectangular Sections, such

Compound Riveted Girders, as Fig. 50 and Fig. 51.

FIG.

Fig. 51,7 = 12

N.B. The value of
, -^, -, and -^ represents one side only; for in-

stance if - = f of an inch, b
t
= ii inch. The same applies to ^.

2 2
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PART IV.

TABLES.

AVERAGE WEIGHT, IN POUNDS, OF A CUBIC FOOT OF
VARIOUS SUBSTANCES

Aluminum, . .
'

'. , , 162

Anthracite, solid, of Pennsylvania, 93
"

broken, loose, .......... 54
"

heaped bushel, loose, (80)

Ash, American white, dry, 38

Asphaltum, .87
Brass, (Copper and Zinc,) cast 504

rolled, 524
Brick, best pressed, 150
" common hard, . 125
"

soft, inferior, 100

Brickwork, pressed brick 140

ordinary, . . . . . . . . . .112
Cement, hydraulic, ground, loose, American, Rosendale, . . 5^

Louisville, .... 50
"

English, Portland, .... 90

Cherry, dry, 42
Chestnut, dry 41

Clay, potter's, dry, . . . . . . . . . . .119
"

in lump, loose, -63
Coal, bituminous, solid, . . . .84

"
broken, loose, ........ 49

" "
heaped bushel, loose, (74)

Coke, loose, of good coal, ......... 62
" "

heaped bushel, ......... (40)

Copper, cast, 542

rolled, 548
Earth, common loam, dry, loose, ........ 76
" " "

moderately rammed, rj>
" as a soft flowing mud, . . . . . . . . 108

Ebony, dry, ............ 76

Elm, dry 35
Flint, 162

Glass, common window, . .,.157

Gneiss, common, 168

101
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Gold, cast, pure, or 24 carat, 1204
"

pure, hammered, 1217
Granite, 170
Gravel, about the same as sand, which see.

Gypsum (plaster of paris), . , r . . . . . .142
Hemlock dry, 25

Hickory, dry,
'

53
Hornblende, black, ........... 203
Ice > 58.7
Iron, cast, .............. 450

wrought, purest, .......... 485
average, 480

Ivory, . . 114
Lead, ............. 711
Lignum Vitae, dry, .83
Lime, quick, ground, loose, or in small lumps, ...... 53

"
thoroughly shaken, ..... 75

" " " "
per struck bushel, . . . , . . (66)

Limestones and Marbles, 168
" "

loose, in irregular fragments, .... 96
Magnesium, . 109

Mahogany, Spanish, dry, 53
"

Honduras, dry, 35

Maple, dry, . .49
Marbles, see Limestones.

Masonry, of granite or limestone, well dressed, . . . . . 165
" " mortar rubble, 154

"
dry

"
(well scabbled,) 138

" "
sandstone, well dressed, 144

Mercury, at 32 Fahrenheit, 849
Mica, 183

Mortar, hardened, 103

Mud, dry, close, 80 to no
"

wet, fluid, maximum, 120

Oak, live, dry, 59
"

white, dry, 50
" other kinds, 32 to 45

Petroleum, -55
Pine, white, dry, , 25
"

yellow, Northern, , . . 34
" "

Southern, ... .45
Platinum, 1342
Quartz, common, pure, . .165
Rosin, 69
Salt, coarse, Syracuse, N. Y., . . .45
"

Liverpool, fine, for table use, 49
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Sand, of pure quartz, dry, loose, t. . 90 to 106
" well shaken, . . . . , a . . .9910 117
"

perfectly wet, . I2O to 140
Sandstones, fit for building, , . .151
Shales, red or black, ...,.,,,... 162

Silver, . . . . . ......... 655
Slate, , ... 175
Snow, freshly fallen, . . . . . , , , . 5 to 12

" moistened and compacted by rain, . . . . . 15 to 50
Spruce, dry, ........ , . 25
Steel, ............. 490
Sulphur 125

Sycamore, dry, 37
Tar, . . 62

Tin, cast, ....,. aoo ..o.. 459
Turf or Peat, dry, unpressed, . . . , , . . 20 to 30

Walnut, black, dry, 38
Water, pure rain or distilled, at 60 Fahrenheit;, . .

%

. . . 62^
sea, 64

Wax, bees, .... .,,.. 60.5
Zinc or Spelter, . , o 3 e .43 7



104 WEIGHT OF RIVETS IN POUNDS.

WEIGHT OF 100 RIVETS IN POUNDS.

Length of
Rivet

in Inches
under Head.



DECIMAL EQUIVALENTS FOR FRACTION OF A FOOT. 105

DECIMAL EQUIVALENTS FOR FRACTIONS OF* A FOOT.

f



ICO DECIMAL EQUIVALENTS FOR FRACTIONS OF AN INCH.

NUMBER OF U. S. GALLONS (231 CUBIC INCHES) CONTAINED
IN CIRCULAR TANKS.

ts i



TABLE OF CIRCULAR CAST-IRON COLUMNS. 107



lob TABLE OF SQUARE CAST-IRON COLUMNS.

WEIGHT OF SQUARE CAST-IRON COLUMNS IN POUNDS PER
LINEAL FOOT.
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WEIGHT PER FOOT OF FLAT IRON.

(For weight per foot of steel add 2 per cent.)

ej"

"3

=
03 C



no TABLE OF WEIGtfT OF FLA T IRON.

WEIGHT PER FOOT OF FLAT IRON Continued.

(For weight per foot of steel add 2 per cent.)

Breadth

in

inches.
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THE CIRCUMFERENCE AND AREAS OF CIRCLES F#OM 1 TO 50.

Diam.
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CIRCUMFERENCE AND AREAS OF CIRCLES Continued.

Diam.



TABLE OF SQUARES AND CUBES,

SQUARES AND CUBES Continued.

No.



314 TABLE OF SQUARES AND CUBES.

SQUARES AND CUBES Continued.

No.



TABLE OF SQUARES AND CUBES.

SQUARES AND CUBES, OF NUMBERS FROM I TO 440.

XI
5

No.



lib TABLE OF SQUARES AND CUBES.

SQUARES AND CUBES Continued.

No.
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CIRCUMFERENCE AND AREAS OF CIRCLES-^ContlnueJ.

Diam.





ARCHITECTURAL IRON AND STEEL,

AND ITS APPLICATION
IN THE

CONSTRUCTION OF BUILDINGS.

INCLUDING BEAMS AND GIRDERS IN FLOOR CONSTRUCTION, ROLLED IRON STRUTS, WROUGHT
vND CAST-IRON COLUMNS, FIRE-PROOF COLUMNS, COLUMN CONNECTIONS, CAST-IRON LIN-

TELS, ROOF TRUSSES, STAIRWAYS, ELEVATOR ENCLOSURES, ORNAMENTAL IRON,
FLOOR LIGHTS AND SKYLIGHTS, VAULT LIGHTS, DOORS AND SHUTTERS,

WIiNl>OW GUARDS AND GRILLES, ETC., ETC., WITH

SPECIFICATION OF IRONWORK.
AND SELECTED PAPERS IN RELA T1ON TO IRONWORK, FROM A REVISION

OF THE PRESENT LAW BEFORE THE LEGISLATURE AFFECTING
PUBLIC INTERESTS IN THE CITY OF NEW YORK, IN SO FAR

AS THE SAME REGULATES THE CONSTRUCTION OF
BUILDINGS IN SAID CITY.

TABLES,
SELECTED EXPRESSLY FOR THIS WORK,

OF THE PROPERTIES OF BEAMS, CHANNELS, TEES AND ANGLES, USED AS BEAMS, STRUTS AND

COLUMNS, WEIGHTS OF IRON AND STEEL BARS, CAPACITY OF TANKS, AREAS OF CIRCLES,

WEIGHTS OF CIRCULAR AND SQUARE CAST-IRON COLUMNS, WEIGHTS OF

SUBSTANCES, TABLES OF SQUARES, CUBES, ETC., WEIGHTS OF

SHEET COPPER, BRASS AND IRON, ETC.

BY

WM. H. BIRKMIRE.

3Fullg UllustrateD.

THIRD EDITION.

NEW YORK :

JOHN WILEY & SONS.
LONDON : CHAPMAN & HALL, LIMITED.

1905





CONTENTS.

CHAPTER I.

THE MANUFACTURE OF IRON.

1. Iron, J

2. Smelting, I

3. Pig Iron, : I

WROUGHT IRON.

4. Puddling, ............ 2

5. Piling 2

6. Rolling, 3

7. Channels, .... 3

8. Quality of Wrought Iron, 3

9. Testing Wrought Iron, . 4

10. Cold Bend Test, 4

11. Modulus of Elasticity 5

12. Wrought Iron in Compression,.5
13. Weight of Wrought Iron, . 5

STEEL.

14. Steel, 5

15. Mild or Soft Steel, . 6

1 6. Rolling Steel, . . 6

17. Billets, . 6

IS. Weight of Steel, . .7
CAST IRON,

19. Cast Iron, 7
20. Castings, . 3

21. Cores, . .. ...> j 3

22. Crushing Strength of Cast Iron, * 3

23. Tenacity of Cast Iron 8

34. Weight ot Cast Iron, 8



VI CONTENTS.

CHAPTER II.

FLOORS.

ARTICLE PAGE

25. Dead Load 9

26. Live Load, 9

27. Method of determining Rolled-iron Beams by Diagram, . 9
2d. Beams as Girders, . . .11
29. To determine Coefficient for Beams, .11
30. Properties of Wrought-iron I Beams, .12
31. Deflection, 12

32. Coefficients for Steel Beams, 13

33. Properties of Steel I Beams, ... .... 13

34. Channels, .... 14

35. Properties of Wrought-iron Channels, 14

36. Properties of Steel Channels, 15

37. Zee Bars, 15

38. Floors should be Rigid D 15

39. Elastic Limit, . . . . . . . . . . .15
40. Maximum Deflection, . . . . 16

41. Framed Beams, ..... . 16

42. Tie Rods, . 16

43. Beam Connections, 18

44. Bearing for Beams, . . . 18

45. Pressure on Brick and Stone Work, 18

46. Knees for Beam Connections, . . . . . , . .18
47. Bolts and Rivets for Beam Connections 19

48. Tee Irons as Beams, .......... 19

49. Angle Irons as Beams (Even Legs), ....... 20

50. Angle Irons as Beams (Uneven Legs),........ 20

31. Beams not uniformly loaded, and Beams not supported at both Ends, . 20

CHAPTER IIL

GIRDERS.

52. Compound Girders, 22

53. Webs, 22

54. Buckling, .....22
55. Flanges, 22

56. Deflection, ......22
57. Rivets in Girders, ......22
58. Strain on Flanges of Girders, , . . 23

59. Shearing, 24
60. Flanges reduced in Thickness near Ends, 24
61. Weight of Brickwork, 26

62. Separators, , 2?



CONTENTS. Vll

PACK

63. Cast-iron Plates on Girders for WaMs, ..* -28

64. Bolts and Rivets,

65. Shearing and Bearing of Rivets, ..". '28

66. Pins,
2?

CHAPTER IV.

CAST-IRON LINTELS.

67. Cast-iron Lintels, . . ... < 30

68. Skew-back Lintels, 3*

69. Lintels for Iron Fronts 31

70. Sidewalk Lintels, ... 32

71. Window-head Lintels, 32

72. Double-web Lintels, 32

73. Window Sills, 32

74. Rule for Breaking Weight at Middle, ....... 32

75. Webs, 33

76. Tests of Cast-iron Lintels, 33

CHAPTER V.

TRUSSES.

77. Roof Trusses, 35

78. Loads on Trusses, 35

79. Snow and Wind Pressure, ......... 36

80. Ceiling Weight, ...... .... 36

8 1. The Graphic Method, .... 36

82. King-post Truss, ... ... 36

83. Truss No. 2, ...*.: t ... 38

84. Truss No. 3, ...... .... 38

85. Truss No. 4, 39

86. Truss No. 5, ..,..:...... 4<>

87. Details of Iron Trusses, . . . . . 42

88. Ties and Struts ...... 42

89. Wooden Purlins, k 42

90. Connections, ........ 42

CHAPTER VI.

STRUTS.

91. Rolled-iron Struts, ... 44

92. End Connections,....,.44
93. Factors of Safety, ... * . 46



Vlll CONTENTS.

ARTICLE PAGE

94. Greatest Safe Load on Struts, . 17

95. Channel Struts, 48

96. Angles as Struts,..,...... 48

97. Tees as Struts, .......... c 49

98. Properties of Beams for Struts, 50

99. Properties of Channels for Struts, 51

100. Properties of Angles for Struts, 52

101. Properties of Tees for Struts, 54

CHAPTER VII.

CAST-IRON COLUMNS.

102. Columns. Shafts Ornamented 55

103. Caoitai? 55

104. Cast-iron Column Connection, 56

105. Holes Drilled, 58

106. Column Flanges, 58

107. Fire-proof Column, . , 58

108. Dowel Columns, . 59

109. Strength of Cast-iron Columns, 60

no. Weight to be Estimated for any Use, . 62

111. Strength of Hollow Cast-iron Columns, . . . . .62
112. Factors of Safety for Cast-iron Columns, 63

713. Ribbed Base Plates, 64

114. Flat Base Plates .... 65

115. Grouting, ..,......>. 65

116. Bedding, * ... 66

117. Cast-iron Dowels for Wooden Columns, ...... 66

1 1 8. Wrought-iron Pins and Cast-iron Star-shaped Dowels} . . 66

CHAPTER VIII.

WROUGHT-IRON COLUMNS.

119. Wrought-iron Column Sections, . 67

120. Zee-bar Columns, 68

121. Strength of Wrought-iron Columns, . 68

122. Safe Load on Wrought-iron Columns. . 69

123. Radii of Gyration for Round Column. . . . . 7

124. Radii of Gyration for Square Column. . . . . . c . ?o

CHAPTER IX.

STAIRWAYS.

125. Close-string Stairs, 7*

126. Height and Breadth of Steps, . 7*

127. Cast-iron Stairs, ... 7*



THE GOETZ

Box ANCHOR
AND

POST CAP.

Certainly the most admira-

ble system now known
for SIOW-BurninR Posts are fastened to cap forming continuous

post from cellar to roof. Falling parts are

Construction. self releasing

In the New Schedule for rating risks, adopted by the National Board of

Underwriters, November, 1892,

a reduction in rate is made on

all buildings that make use of

the Goetz methods.
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TOP VIEW.

Showing dovetail form of sides

by which the box is locked in

the wall.

8ENP T0 HOME OFFICE,
No. 7O STATE STREET, NEW ALBANY, IND.,

for details and catalogue in which this self-releasing method of anchoring is

applied to various conditions.
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strength of Cast Iron, Wrought Iron, and Steel Columns.

Illustration and Calculation of the Columns, Floor Plans,

Tables of Material, Specification, Stairways, Elevators, and

Roofs in buildings using Cast Iron, Wrought Iron, and Steel

Columns as a skeleton frame, such as "The New Netherlands,"

a seventeen-story building with nineteen tiers of beams
;
the

Home Life Insurance Building, and others.

FOR SALE BY

JOHN WILEY & SONS,
43-45 East ipth St., New York.







SHORT-TITLE CATALOGUE
OF THE

PUBLICATIONS
OP

JOHN WILEY & SONS,
NEW YORK.

LONDON: CHAPMAN & HALL, LIMITED.

ARRANGED UNDER SUBJECTS.

Descriptive circulars sent on application. Books marked with an asterisk (*) are sold

at net prices only, a double asterisk (**) books sold under the rules of the American

Publishers' Association at vet prices subject to an extra charge for postage. All books

are bound in cloth unless otherwise stated.

AGRICULTURE.

Armsby's Manual of Cattle-feeding i2mo, Si 75
Principles of Animal Nutrition .8vo, 4 oo

Budd and Hansen's American Horticultural Manual:
Part I. Propagation, Culture, and Improvement i2mo, 50-

Part II. Systematic Pomology i2mo, 50
Downing's Fruits and Fruit-trees of America 8vo, oo
Elliott's Engineering for Land Drainage I2mo,

Practical Farm Drainage I2mo, oo
Green's Principles of American Forestry i2mo,
Grotenfelt's Principles of Modern Dairy Practice. (Woll.) i2mo, oo

Kemp's Landscape Gardening i2mo,
Maynard's Landscape Gardening as Applied to Home Decoration i2mo,
* McKay and Larsen's Principles and Practice of Butter-making 8vo,
Sanderson's Insects Injurious to Staple Crops i2mo,

Insects Injurious to Garden Crops. (In preparation.)

Insects Injuring Fruits. (In preparation.)

Stockbridge's Rocks and Soils 8vo, 2 50
Winton's Microscopy of Vegetable Foods 8vo, 7 50
Woll's Handbook for Farmers and Dairymen i6mo, i 50

ARCHITECTURE.

Baldwin's Steam Heating for Buildings i2mo, 2 50
Bashore's Sanitation of a Country House I2mo, i oo

Berg's Buildings and Structures of American Railroads 4to, 5 oo
Birkmire's Planning and Construction of American Theatres 8vo, 3 oo

Architectural Iron and Steel 8vo, 3 50
Compound Riveted Girders as Applied in Buildings 8vo, 2 oo

Planning and Construction of High Office Buildings 8vo, 3 50
Skeleton Construction in Buildings 8vo, 3 oo

Brigg's Modern American School Buildings 8vo, 4 oo

Carpenter's Heating and Ventilating of Buildings 8vo, 4 oo-

Freitag's Architectural Engineering 8vo, 3 50-

Fireproofing of Steel Buildings 8vo. 2 50
French and Ives's Stereotomy 8vo r 2 50
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Gerhard's Guide to Sanitary House-inspection i6mo, i oo
Theatre Fires and Panics i2mo, i 50

*Greene's Structural Mechanics 8vo, 2 50

Holly's Carpenters' and Joiners' Handbook i8mo, 75

Johnson's Statics by Algebraic and Graphic Methods 8vo, 2 oo

Kidder's Architects' and Builders' Pocket-book. Rewritten Edition. i6mo,mor., 5 oo

Merrill's Stones for Building and Decoration 8vo, 5 oo

Non-metallic Minerals: Their Occurrence and Uses 8vo, 4 oo

Monckton's Stair-building 4to, 4 oo

Patton's Practical Treatise on Foundations 8vo, 5 oo

Peabody's Naval Architecture 8vo, 7 50

Richey's Handbook for Superintendents of Construction i6mo, mor., 4 oo

Sabin's Industrial and Artistic Technology of Paints and Varnish 8vo, 3 oo

Siebert and Biggin's Modern Stone-cutting and Masonry 8vo, i 50
Snow's Principal Species of Wood 8vo, 3 50
Sondericker's Graphic Statics with Applications to Trusses, Beams, and Arches.

8vo, 2 oo

Towne's Locks and Builders' Hardware i8mo, morocco, 3 oo

Wait's Engineering and Architectural Jurisprudence 8vo, 6 oo

Sheep, 6 50
Law of Operations Preliminary to Construction in Engineering and Archi-

tecture 8vo, 5 oo

Sheep, 5 50
Law of Contracts 8vo, 3 oo

Wood's Rustless Coatings: Corrosion and Electrolysis of Iron and Steel. .8vo, 4 oo

Worcester and Atkinson's Small Hospitals, Establishment and Maintenance,

Suggestions for Hospital Architecture, with Plans for a Small Hospital.

i2mo, i 25

The World's Columbian Exposition of 1893 Large 4to, i oo

ARMY AND NAVY.

Bernadou's Smokeless Powder, Nitro-cellulose, and the Theory of the Cellulose

Molecule i2mo, 2 50
* Bruff

'
s Text-book Ordnance and Gunnery 8vo, 6 oo

Chase's Screw Propellers and Marine Propulsion 8vo, 3 oo

Cloke's Gunner's Examiner 8vo, i 50

Craig's Azimuth 4to, 3 50

Crehore and Squier's Polarizing Photo-chronograph 8vo, 3 oo
* Davis's Elements of Law 8vo, 2 50
* Treatise on the Military Law of United States 8vo, 7 oo

Sheep, 7 50

De Brack's Cavalry Outposts Duties. (Carr.) 24010, morocco, 2 oo

Dietz's Soldier's First Aid Handbook ,, i6mo, morocco, i 25
* Dredge's Modern French Artillery 4to, half morocco, 15 oo

Durand's Resistance and Propulsion of Ships 8vo, 5 oo
* Dyer's Handbook of Light Artillery I2mo, 3 oo

Eissler's Modern High Explosives 8vo, 4 oo
* Fiebeger's Text-book on Field Fortification Small 8vo, 2 oo

Hamilton's The Gunner's Catechism i8mo, i oo
* Hoff's Elementary Naval Tactics 8vo, I 50

Ingalls's Handbook of Problems in Direct Fire 8vo, 4 oo
* Ballistic Tables 8vo, i 50
* Lyons's Treatise on Electromagnetic Phenomena. Vols. I. and H. .8vo, each, 6 oo
* Mahan's Permanent Fortifications. (Mercur.) 8vo, half morocco, 7 50

Manual for Courts-martial i6mo, morocco, i 50
* Mercur's Attack of Fortified Places I2mo, 2 oo
* Elements of the Art of War 8vo, 4 oo
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Metcaif's Cost of Manufactures And the Admimistration of Workshops. .8vo, 5 oo
* Ordnance and Gunnery. 2 vols i2mo, 5 oo

Murray's Infantry Drill Regulations i8mo, paper, 10

Nixon's Adjutants' Manual f. . .24010, i oo

Peabody's Naval Architecture. 8vo, 7 50
* Phelps's Practical Marine Surveying 8vo, 2 50
Powell's Army Officer's Examiner i2mo, 4 oo

Sharpe's Art of Subsisting Armies in War i8mo, morocco i 50
* Tupes and Poole's Manual of Bayonet Exercises and Musketry Fencing.

24010, leather, 50
* Walke's Lectures on Explosives 8vo, 4 oo
* Wheeler's Siege Operations and Military Mining 8vo, 2 oo

Winthrop's Abridgment of Military Law I2mo, 2 50
Woodhull's Notes on Military Hygiene i6mo, i 50

Young's Simple Elements of Navigation i6mo, morocco, 2 o
o

ASSAYING.

Fletcher's Practical Instructions in Quantitative Assaying with the Blowpipe.

i2mo, morocco, i 50

Furman's Manual of Practical Assaying 8vo, 3 oo

Lodge's Notes on Assaying and Metallurgical Laboratory Experiments. . . .8vo, 3 oo

Low's Technical Methods of Ore Analysis 8vo, 3 oo

Miller's Manual of Assaying i2mo, i oo

Minet's Production of Aluminum and its Industrial Use. (Waldo. ) i2mo, 2 50
O'Driscoll's Notes on the Treatment of Gold Ores 8vo, 2 oo

Ricketts and Miller's Notes on Assaying 8vo, 3 oo

Robine and Lenglen's Cyanide Industry. (Le Clerc.) 8vo, 4 oo

Ulke's Modern Electrolytic Copper Refining 8vo, 3 oo

Wilson's Cyanide Processes i2mo, i 50
Chlorination Process i2mo, i 50

ASTRONOMY.

Comstock's Field Astronomy for Engineers 8vo, 2 50

Craig's Azimuth 4to, 3 50
Doolittle's Treatise on Practical Astronomy 8vo, 4 oo

Gore's Elements of Geodesy 8vo, 2 50

Hayford's Text-book of Geodetic Astronomy ._
8vo, 3 oo

Merriman's Elements of Precise Surveying and Geodesy 8vo, 2 50
* Michie and-Harlow's Practical Astronomy 8vo, 3 oo
* White's Elements of Theoretical and Descriptive Astronomy i2mo, 2 oo

BOTANY.

Davenport's Statistical Methods, with Special Reference to Biological Variation.

i6mo, morocco, i 25
Thom and Bennett's Structural and Physiological Botany i6mo, 2 25

Westermaier's Compendium of General Botany. (Schneider.). . . , 8vo, 2 oo

CHEMISTRY.

Adriance's Laboratory Calculations and Specific Gravity Tables 121110, i 25
Allen's Tables for Iron Analysis 8vo, 3 oo

Arnold's Compendium of Chemistry. (Mandel.) Small 8vo, 3 50
Austen's Notes for Chemical Students i2mo, i 50
Bernadou's Smokeless Powder. Nitro-cellulose, and Theory of the Cellulose

Molecule i2mo, 2 50
* Browning's Introduction to the Rarer Elements 8vo, i 50
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Brush and Penfield's Manual of Determinative Mineralogy ivo, 4 oo

Classen's Quantitative Chemical Analysis by Electrolysis. (Eoltwocd.). .8vo, 3 oo

Cohn's Indicators and Test-papers i2mo, 2 oo

Tests and Reagents 8vo, 3 oo

Crafts's Short Course in Qualitative Chemical Analysis. (Schaeffer.). . .i2mo, i 50
Dolezalek's Theory of the Lead Accumulator (Storage Battery). (Von

Ende.) i2mo, 2 50
Drechsel's Chemical Reactions. (Merrill.) i2mo, i 25

Duhem's Thermodynamics and Chemistry, (Burgess.) 8vo, 4 oo

Eissler's Modern High Explosives 8vo, 4 oo

Effront's Enzymes and their Applications. (Prescott.) 8vo, 3 oo

Erdmann's Introduction to Chemical Preparations. (Dunlap.) I2mo, i 25
Fletcher's Practical Instructions in Quantitative Assaying with the Blowpipe.

12010, morocco, i 50
Fowler's Sewage Works Analyses i2mo, 2 oo

Fresenius's Manual of Qualitative Chemical Analysis. (Wells.) 8vo, 5 oo

Manual of Qualitative Chemical Analysis. Part I. Descriptive. (Wells.) 8vo, 3 oo

System of Instruction in Quantitative Chemical Analysis. (Cohn.)
2 vols 8vo, 12 50

Fuertes's Water and Public Health i2mo, i 50
Furman's Manual of Practical Assaying 8vo, 3 oo
* Getman's Exercises in Physical Chemistry i2mo, 2 oo

Gill's Gas and Fuel Analysis for Engineers i2mo, i 25
Grotenfelt's Principles of Modern Dairy Practice. (Wo 11.) i2mo, 2 oo

Hammarsten's Text-book of Physiological Chemistry. (Mandel.) 8vo, 4 oo

Helm's Principles of Mathematical Chemistry. (Morgan.) i2mo, i 50

Bering's Ready Reference Tables (Conversion Factors) i6mo, morocco, 2 50
Hind's Inorganic Chemistry 8vo, 3 oo
* Laboratory Manual for Students i2mo, i oo

Holleman's Text-book of Inorganic Chemistry. (Cooper.) 8vo, 2 50
Text-book of Organic Chemistry. (Walker and Mott.) 8vo, 2 50

* Laboratory Manual of Organic Chemistry. (Walker.) i2mo, i oo

Hopkins's Oil-chemists' Handbook 8vo, 3 oo

Jackson's Directions for Laboratory Work in Physiological Chemistry. .8vo, i 25

Keep's Cast Iron 8vo, 2 50
Ladd's Manual of Quantitative Chemical Analysis i2mo, i oo

Landauer's Spectrum Analysis. (Tingle.) 8vo, 3 oo
* Langworthy and Austen. The Occurrence of Aluminium in Vege'able

Products, Animal Products, and Natural Waters 8vo, 2 oo

Lassar-Cohn's Practical Urinary Analysis. (Lorenz.) i2mo, i oo

Application of Some General Reactions to Investigations in Organic

Chemistry. (Tingle.) i2mo, i oo

Leach's The Inspection and Analysis of Food with Special Reference to State

Control 8vo, 7 50
Lob's Electrochemistry of Organic Compounds. (Lorenz.) 8vo, 3 oo

Lodge's Notes on Assaying and Metallurgical Laboratory Experiments. .. .8vo, 3 oo

Low's Technical Method of Ore Analysis 8vo, 3 oo

Lunge's Techno-chemical Analysis. (Cohn.) i2mo i oo
* McKay and Larsen's Principles and Practice of Butter-making 8vo. i 50
Mandel's Handbook for Bio-chemical Laboratory i2mo, i 50
* Martin's Laboratory Guide to Qualitative Analysis with the Blowpipe . . i2mo, 60

Mason's Water-supply. (Considered Principally from a Sanitary Standpoint.)

3d Edition, Rewritten 8vo, 4 oo

Examination of Water. (Chemical and Bacteriological.) i2mo, i 25
Matthew's The Textile Fibres 8vo, 3 50

Meyer's Determination of Radicles in Carbon Compounds. (Tingle.). .i2mo, i oo

Miller's Manual of Assaying i2mo, i oo

Minet's Production of Aluminum and its Industrial Use. (Waldo.). . . . i2mo, 2 so

Mixter's Elementary Text-book of Chemistry I2mo, i 50

Morgan's An Outline of the Theory of Solutions and its Results 12016, i oo
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Morgan's Elements of Physical Chemistry I2mo, 3 oo
* Physical Chemistry for Electrical Engineers I2mo, i 50

Morse's Calculations used in Cane-sugar Factories i6mo, morocco, i 50
Mulliken's General Method for the Identification of Pure Organic Compounds.

Vol. I Large 8vo, 5 oo
O'Brine's Laboratory Guide in Chemical Analysis 8vo, 2 oo*

O'Driscoll's Notes on the Treatment of Gold Ores 8vo, 2 oo

Ostwald's Conversations on Chemistry. Part One. (Ramsey.) I2mo, i 50
Part Two. (Turnbull.) i2mo, 2 oo

* Penfield's Notes on Determinative Mineralogy and Record of Mineral Tests.

8vo, paper, 50
Pictet's The Alkaloids and their Chemical Constitution. (Biddle.) 8vo, 5 oo

Pinner's Introduction to Organic Chemistry. (Austen.) I2mo, i 50
Poole's Calorific Power of Fuels 8vo, 3 oo

Prescott and Winslow's Elements of Water Bacteriology, with Special Refer-

ence to Sanitary Water Analysis i2mo, i 25
* Reisig's Guide to Piece-dyeing

*

8vo, 25 oo
Richards and Woodman's Air, Water, and Food from a Sanitary Stand-

point 8vo, 2 oo

Ricketts and Russell's Skeleton Notes upon Inorganic Chemistry. (Part I.

Non-metallic Elements.) 8vo, morocco, 75
Ricketts and Miller's Notes on Assaying 8vo, 3 oo

Rideal's Sewage and the Bacterial Purification of Sewage 8vo, 3 50
Disinfection and the Preservation of Food 8vo, 4 oo

Riggs's Elementary Manual for the Chemical Laboratory 8vo, i 25
Robine and Lenglen's Cyanide Industry. (Le Clerc.) 8vo, 4 oo

Rostoski's Serum Diagnosis. (Bolduan.) i2mo, i oo

Ruddiman's Incompatibilities in Prescriptions 8vo, 2 oo
* Whys in Pharmacy i2mo, i oo

Sabin's Industrial and Artistic Technology of Paints and Varnish 8vo, 3 oo

Salkowski's Physiological and Pathological Chemistry. (Orndorff.) 8vo, 2 50

Schimpf's Text-book of Volumetric Analysis i2mo, 2 50
Essentials of Volumetric Analysis i2mo, i 25

* Qualitative Chemical Analysis 8vo, i 25

Spencer's Handbook for Chemists of Beet-sugar Houses i6mo, morocco, 3 oo

Handbook for Cane Sugar Manufacturers i6mo, morocco, 3 oo

Stockbridge's Rocks and Soils 8vo, 2 50
* Tillman's Elementary Lessons in Heat 8vo, i 50
* Descriptive General Chemistry 8vo, 3 oo

Treadwell's Qualitative Analysis. (Hall.) Svo, 3 oo

Quantitative Analysis. (Hall.) 8vo, 4 oo

Turneaure and Russell's Public Water-supplies 8vo, 5 oo

Van Deventer's Physical Chemistry for Beginners. (Boltwood.) i2mo, i 50
* Walke's Lectures on Explosives 8vo, 4 oo

Ware's Beet-sugar Manufacture and Refining Small 8vo, cloth, 4 oo

Washington's Manual of the Chemical Analysis of Rocks 8vo, 2 oo

Wassermann's Immune Sera : Haemolysins, Cytotoxins, and Precipitins. (Bol-

duan.) i2mo, i oo

Wells's Laboratory Guide in Qualitative Chemical Analysis, .8vo, i 50

Short Course in Inorganic Qualitative Chemical Analysis for Engineering

Students i2mo, i 50

Text-book of Chemical Arithmetic i2mo, i 25

Whipple's Microscopy of Drinking-water 8vo, 3 50

Wilson's Cyanide Processes i2mo, i 50

Chlorination Process I2mo, i 50

Winton's Microscopy of Vegetable Foods 8vo, 7 50

Wulling's Elementary Course in Inorganic, Pharmaceutical, and Medical

Chemistry I2mo, 2 oo
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CIVIL ENGINEERING.

BRIDGES AND ROOFS HYDRAULICS. MATERIALS OF ENGINEERING.
RAILWAY ENGINEERING.

Baker's Engineers' Surveying Instruments i2mo, 3 oo

Bixby's Graphical Computing Table Paper 19^X24! inches. 25
** Burr's Ancient and Modern Engineering and the Isthmian Cana.. (Postage,

27 cents additional. ) 8vo, 3 50
Comstock's Field Astronomy for Engineers 8vo, 2 50
Davis's Elevation and Stadia Tables 8vo, i oo

Elliott's Engineering for Land Drainage i2mo, i 50
Practical Farm Drainage i2mo, i oo

*Fiebeger's Treatise on Civil Engineering. '. 8vo, 5 09

Flemer's Phototopographic Methods and Instruments 8vo, 5 oo

Folwell's Sewerage. (Designing and Maintenance.) 8vo, 3 oo

Freitag's Architectural Engineering. 2d Edition, Rewritten 8vo, 3 50

French and Ives's Stereotomy 8vo, 2 50
Goodhue's Municipal Improvements I2mo, i 75

Goodrich's Economic Disposal of Towns' Refuse 8vo, 3 50

Gore's Elements of Geodesy. 8vo, 2 50

Hayford's Text-book of Geodetic Astronomy 8vo, 3 oo

Bering's Ready Reference Tables (Conversion Factors) i6mo, morocco, 2 50
Howe's Retaining Walls for Earth i2mo, i 25

Johnson's (J. B.) Theory and Practice of Surveying Small 8vo, 4 oo

Johnson's (L. J.) Statics by Algebraic and Graphic Methods 8vo, 2 oo

Laplace's Philosophical Essay on Probabilities. (Truscott and Emory.) . i2mo, 2 oo

Mahan's Treatise on Civil Engineering. (1873.) (Wood.) 8vo, 5 oo
* Descriptive Geometry 8vo, i 50
Merriman's Elements of Precise Surveying and Geodesy 8vo, 2 50

Merriman and Brooks's Handbook for Surveyors i6mo, morocco, 2 oo

Nugent's Plane Surveying 8vo, 3 50

Ogden's Sewer Design I2mo, 2 oo

Patton's Treatise on Civil Engineering 8vo half leather, 7 50

Reed's Topographical Drawing and Sketching 4to, 5 oo

Rideal's Sewage and the Bacterial Purification of Sewage 8vo, 3 50

Siebert and Biggin's Modern Stone-cutting and Masonry 8vo, i 50

Smith's Manual of Topographical Drawing. (McMillan.^ 8vo, 2 50

Sondericker's Graphic Statics, with Applications to Trusses, Beams, and Arches.

8vo, 2 oo

Taylor and Thompson's Treatise on Concrete, Plain and Reinforced 8vo, 5 oo
* Trautwir.e's Civil Engineer's Pocket-book i6mo, morocco, 5 oo

Wait's Engineering and Archi!ectural Jurisprudence 8vo, 6 oo

Sheep, 6 50

Law of Operations Preliminary to Construction in Engineering and Archi-

tecture 8vo, 5 oo

Sheep, 5 50

Law f Contracts 8vo, 3 oo

Warren's Stereotomy Problems in Stone-cutting 8vo, 2 50

Webb's Problems in the Use and Adjustment of Engineering Instruments.
i6mo, morocco, i 25

Wilson's Topographic Surveying 8vo, 3 50

BRIDGES /ND ROOFS.

Boiler's Practical Treatise on the Construction of Iron Highway Bridges. .8vo, 2 oo

* Thames River Bridge 4to, paper, 5 oo

Burr's Course on the Stresses in Bridges and Roof Trusses, Arched Ribs, and

Suspension Bridges 8vo, 3 50
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Burr and Falk's Influence Lines for Bridge and Roof Computations. . . .8vo, 3 oo

Design and Construction of Metallic Bridges 8vo, 5 oo

Du Bois's Mechanics of Engineering. Vol. II Small 4to, 10 oo

Foster's Treatise on Wooden Trestle Bridges 4to, 5 oo

Fowler's Ordinary Foundations 8vo, 3 50
Greene's Roof Trusses 8vo, i 25

Bridge Trusses 8vo, 2 50
Arches in Wood, Iron, and Stone 8vo, 2 50

Howe's Treatise on Arches 8vo, 4 oo

Design of Simple Roof-trusses in Wood and Steel 8vo, 2 oo

Johnson, Bryan, and Turneaure's Theory and Practice in the Designing of

Modern Framed Structures Small 4to, 10 oo

Merriman and Jacoby's Text-book on Roofs and Bridges:

Part I. Stresses in Simple Trusses 8vo, 2 50
Part II. Graphic Statics 8vo, 2 50
Part III. Bridge Design 8vo, 2 50
Part IV. Higher Structures. . 8vo, 2 50

Morison's Memphis Bridge 4to, 10 oo

Waddell's De Pontibus, a Pocket-book for Bridge Engineers. . i6mo, morocco, 2 oo

*Specifications for Steel Bridges i2mo, 50

Wright's Designing of Draw-spans. Two parts in one volume 8vo, 3 50

HYDRAULICS.

Bazin's Experiments upon the Contraction of the Liquid Vein Issuing from
an Orifice. (Trautwine.) 8vo, 2 oo

Bovey's Treatise on Hydraulics 8vo, 5 oo

Church's Mechanics of Engineering 8vo, 6 oo

Diagrams of Mean Velocity of Water in Open Channels. . .- paper, i 50

Hydraulic Motors 8vo, 2 oo

Coffin's Graphical Solution of Hydraulic Problems i6mo, morocco, 2 50
Flather's Dynamometers, and the Measurement of Power i2mo, 3 oo

Folwell's Water-supply Engineering 8vo, 4 oo

Frizell's Water-power ,- 8vo, 5 oo

Fuertes's Water and Public Health 12010, i 50
Water-filtration Works 12010, 2 50

Ganguillet and Kutter's General Formula for the Uniform Flow of Water in

Rivers and Other Channels. (Hering and Trautwine.) 8vo, 4 oo

Hazen's Filtration of Public Water-supply 8vo, 3 oo

Hazlehurst's Towers and Tanks for Water-works 8vo, 2 50
Herschel's 115 Experiments on the Carrying Capacity of Large, Riveted, Metal

Conduits 8vo, 2 oo

Mason's Water-supply. (Considered Principally from a Sanitary Standpoint.)

8vo, 4 oo

Merriman's Treatise on Hydraulics 8vo, 5 oo
* Michie's Elements of Analytical Mechanics 8vo, 4 oo

Schuyler's Reservoirs for Irrigation, Water-power, and Domestic Water-

supply Large 8vo, 5 oo
** Thomas and Watt's Improvement of Rivers. (Post., 440. additional. ).4to, 6 oo

Turneaure and Russell's Public Water-supplies 8vo, 5 oo

Wegmann's Design and Construction of Dams 4to, 5 oo

Water-supply of the City of New York from 1658 to 1895 4to, 10 oo

Williams and Hazen's Hydraulic Tables 8vo, i 50
Wilson's Irrigation Engineering Small 8vo, 4 oo

Wolff's Windmill as a Prime Mover 8vo, 3 oo

Wood's Turbines 8vo, 2 50
Elements of Analytical Mechanics 8vo, 3 oq
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MATERIALS OF ENGINEERING.

Baker's Treatise on Masonry Construction 8vo, 5 oo
Roads and Pavements I 8vo, 5 oo

Black's United States Public Works Oblong 4t-o, 5 oo
* Bovey's Strength of Materials and Theory of Structures 8vo, 7 50
Burr's Elasticity and Resistance of the Materials of Engineering 8vo, 7 50

Byrne's Highway Construction 8vo, 5 oo

Inspection of the Materials and Workmanship Employed in Construction.

i6mo, 3 oo
Church's Mechanics of Engineering 8vo, 6 oo

Du Bois's Mechanics of Engineering. Vol. I Small 4to, 7 50
*Eckei's Cements, Limes, and Plasters 8vo, 6 oo

Johnson's Materials of Construction Large 8vo, 6 oo
Fowler's Ordinary Foundations 8vo, 3 50
* Greene's Structural Mechanics 8vo, 2 50

Keep's Cast Iron -. 8vo, 2 50
Lanza's Applied Mechanics 8vo, 7 50
Marten's Handbook on Testing Materials. (Henning.) 2 vols 8vo, 7 50
Maurer's Technical Mechanics 8vo, 4 oo

Merrill's Stones for Building and Decoration 8vo, 5 oo

Merriman's Mechanics of Materials 8vo, 5 oo

Strength of Materials i2mo, i oo

Metcalf's Steel. A Manual for Steel-users i2mo, 2 oo

Patton's Practical Treatise on Foundations 8vo, 5 oo

Richardson's Modern Asphalt Pavements 8vo, 3 oo

Richey's Handbook for Superintendents of Construction i6mo, mor., 4 oo

Rockwell's Roads and Pavements in France I2mo," i 25
Sabin's Industrial and Artistic Technology of Paints and Varnish 8vo, 3 oo

Smith's Materials of Machines i2mo, i oo

Snow's Principal Species of Wood 8vo, 3 50

Spalding's Hydraulic Cement i2mo, 2 oo

Text-book on Roads and Pavements i2rao, 2 oo

Taylor and Thompson's Treatise on Concrete, Plain and Reinforced, 8vo, 5 oo

Thurston's Materials of Engineering. 3 Parts 8vo, 8 oo

Part I. Non-metallic Materials of Engineering and Metallurgy 8vo, 2 oo

Part II. Iron and SteeL 8vo, 3 50

Part III. A Treatise on Brasses, Bronzes, and Other Alloys and their

Constituents 8vo, 2 50
Thurston's Text-book of the Materials of Construction 8vo, 5 oo

Tillson's Street Pavements and Paving Materials 8vo, 4 oo

Waddell's De Pontibus. (A Pocket-book for Bridge Engineers.). . i6mo, mor., 2 oo

Specifications for Steel Bridges i2mo, i 25

Wood's (De V.) Treatise on the Resistance of Materials, and an Appendix on

the Preservation of Timber 8vo, 2 oo

Wood's (De V.) Elements of Analytical Mechanics 8vo, 3 oo

Wood's (M. P.) Rustless Coatings: Corrosion and Electrolysis of Iron and

Steel 8vo, 4 oo

RAILWAY ENGINEERING.

Andrew's Handbook for Street Railway Engineers 3x5 inches, morocco, i 25

Berg's Buildings and Structures of American Railroads 4to, 5 oo

Brook's Handbook of Street Railroad Location i6mo, morocco, i 50

Butt's Civil Engineer's Field-book i6mo, morocco, 2 50

CrandalTs Transition Curve i6mo, morocco, i 50

Railway and Other Earthwork Tables 8vo, i 50

Dawson's "Engineering" and Electric Traction Pocket-book. . i6mo, morocco, 5 oo
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Dredge's History of the Pennsylvania Railroad: (1879) > .Paper, 5 oo

* Drinker's Tunnelling, Explosive Compounds, and Rock Drills. 4to, half mor., 25 oo

Fisher's Table of Cubic Yards Cardboard, 25

Godwin's Railroad Engineers' Field-book and Explorers' Guide. . . i6mo, mor., 2 50

Howard's Transition Curve Field-book i6imo, morocco, i 50

Hudson's Tables for Calculating the Cubic Contents of Excavations and Em-
bankments Svo, i oo

Molitor and Beard's Manual for Resident Engineers i6mo, i oo

Nagle's Field Manual for Railroad Engineers i6mo, morocco, 3 oo

Philbrick's Field Manual for Engineers i6mo, morocco, 3 oo

Searles's Field Engineering i6mo, morocco, 3 oo

Railroad Spiral i6mo, merocco, i 50

Taylor's Prismoidal Formulae and Earthwork Svo, i 50
* Trautwine's Method of Calculating the Cube Contents of Excavations and

Embankments by the Aid of Diagrams, Svo, 2 oo

The Field Practice of Laying Out Circular Curves for Railroads.

i2mo, morocco, 2 50

Cross-section Sheet Paper, 25

Webb's Railroad Construction i6mo, morocco, 5 oo

Wellington's Economic Theory of the Location of Railways Small Svo, 5 oo

DRAWING.

Barr's Kinematics of Machinery Svo, 2 50
* Bartlett's Mechanical Drawing Svo, 3 oo
* " " "

Abridged Ed Svo, 150
Coolidge's Manual of Drawing Svo, paper i oo

Coolidge and Freeman's Elements of General Drafting for Mechanical Engi-
neers Oblong 4to, 2 50

Durley's Kinematics of Machines Svo, 4 oo

Emch's Introduction to Projective Geometry and its Applications Svo, 2 50

Hill's Text-book on Shades and Shadows, and Perspective Svo, 2 oo

Jamison's Elements of Mechanical Drawing Svo, 2 50
Advanced Mechanical Drawing Svo, 2 oo

Jones's Machine Design:
Part I. Kinematics of Machinery Svo, i 50
Part II. Form, Strength, and Proportions of Parts Svo, 3 oo

MacCord's Elements of Descriptive Geometry Svo, 3 oo

Kinematics; or, Practical Mechanism Svo, 5 oo

Mechanical Drawing 4to, 4 oo

Velocity Diagrams Svo, i 50
MacLeod's Descriptive Geometry Small Svo, i 50
* Mahan's Descriptive Geometry and Stone-cutting Svo, i 50

Industrial Drawing. (Thompson.) Svo, 3 50

Moyer's Descriptive Geometry 8vo, 2 oo

Reed's Topographical Drawing and Sketching 4to, 5 oo
Reid's Course in Mechanical Drawing Svo, 2 oo

Text-book of Mechanical Drawing and Elementary Machine Design. Svo, 3 oo
Robinson's Principles of Mechanism Svo, 3 oo
Schwamb and Merrill's Elements of Mechanism Svo, 3 co
Smith's (R. S.) Manual of Topographical Drawing. (McMillan.) Svo, 2 50
Smith (A. W.) and Marx's Machine Design Svo, 3 oo
Warren's Elements of Plane and Solid Free-hand Geometrical Drawing. 12mo, i oo

Drafting Instruments and Operations i2mo, i 25
Manual of Elementary Projection Drawing i2mo, i 50
Manual of Elementary Problems in the Linear Perspective of Form and

Shadow i2mo, i oo
Plane Problems in Elementary Geometry i2mo, i 25
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Warren's Primary Geometry i2mo, 75
Elements of Descriptive Geometry, Shadows, and Perspective 8vo, 3 50
General Problems of Shades and Shadows 8vo, 3 oo

Elements of Machine Construction and Drawing 8vo, 7 50

Problems, Theorems, and Examples in Descriptive Geometry 8vo, 2 ;jo

Weisbach's Kinematics ^and Power of Transmission. (Hermann and

Klein.) 8vo, 5 oo
Whelpley's Practical Instruction in the Art of Letter Engraving i2mo, 2 oo

Wilson's (H. M.) Topographic Surveying 8vo, 3 50
Wilson's (V. T.) Free-hand Perspective 8vo, 2 50
Wilson's (V. T.) Free-hand Lettering 8vo, i oo

Woolf's Elementary Course in Descriptive Geometry Large 8vo, 3 oo

ELECTRICITY AND PHYSICS.

Anthony and Brackett's Text-book of Physics. (Magie.) Small 8vo, 3 oo

Anthony's Lecture-notes on the Theory of Electrical Measurements. . . . I2mo, i oo

Benjamin's History of Electricity 8vo, 3 oo

Voltaic Cell 8vo, 3 oo

Classen's Quantitative Chemical Analysis by Electrolysis. (Boltwood.).8vo, 3 oo

Crehore and Squier's Polarizing Photo-chronograph 8vo, 3 oo

Dawson's "Engineering" and Electric Traction Pocket-book. i6mo, morocco, 5 oo

Dolezalek's Theory of the Lead Accumulator (Storage Battery). (Von
Ende.) I2mo, 2 50

Duhem's Thermodynamics and Chemistry. (Burgess.) 8vo, 4 oo

Flather's Dynamometers, and the Measurement of Power i2nao, 3 oo

Gilbert's De Magnete. (Mottelay.) 8vo, 2 50
Hanchett's Alternating Currents Explained I2mo, i oo

Bering's Ready Reference Tables (Conversion Factors) i6mo, morocco, 2 50
Holman's Precision of Measurements 8vo, 2 eo

Telescopic Mirror-scale Method, Adjustments, and Tests. . . .Large 8vo, 75
Xinzbrunner's Testing of Continuous-current Machines 8vo, 2 oo

Landauer's Spectrum Analysis. (Tingle.) 8vo, 3 oo

Le Chateliers High-temperature Measurements. (Boudouard Burgess.) i2mo, 3 oo

Lob's Electrochemistry of Organic Compounds. (Lorenz.) 8vo, 3 oo
* Lyons'* Treatise on Electromagnetic Phenomena. Vols. I. and II. 8vo, each, 6 oo
* Michie's Elements of Wave Motion Relating to Sound and Light 8vo, 4 oo

Niaudet's Elementary Treatise on Electric Batteries. (Fishback.) I2mo, 2 50
* Rosenberg's Electrical Engineering. (Haldane Gee Kinzbrunner.). . .8vo, i 50

Ryan, Norris, and Hoxie's Electrical Machinery. Vol. 1 8vo, 2 50
Thurston's Stationary Steam-engines 8vo, 2 50
* Tillman's Elementary Lessons in Heat 8vo, i 50

Tory and Pitcher's Manual ef Laboratory Physics Small 8vo, 2 oo

Hike's Modern Electrolytic Copper Refining 8vo, 3 oo

LAW/

* Davis's Elements of Law 8vo, 2 50
* Treatise on the Military Law of United States 8vo, 7 oo
* Sheep, 7 5<>

Manual for Courts-martial i6mo, morocco, i 50

Wait's Engineering and Architectural Jurisprudence 8vo, 6 oo

Sheep, 6 50

Law of Operations Preliminary to Constructien in Engineering and Archi-

tecture 8vo 5 oo

Sheep, 5 50

Law of Contracts 8vo, 3 oo

Winthrop's Abridgment of Military Law I2mo, 2 So
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MANUFACTURES.

Bernadou's Smokeless Powder Nitro-cellulose and Theory of the Cellulose

Molecule t. . . i2mo, 2 50
Holland's Iron Founder i2mo, 2 50

" The Iron Founder," Supplement i2mo, 2 50

Encyclopedia of Founding and Dictionary of Foundry Terms Used in the

Practice of Moulding i2mo, 3 oo
* Eckel's Cements, Limes, and Plasters 8vo, 6 oo

Eissler's Modern High Explosives 8vo, 4 oo

Effront's Enzymes and their Applications. (Prescott.) 8vo, 3 oo

Fitzgerald's Boston Machinist i2mo, i oo

Ford's Boiler Making for Boiler Makers i8mo, i oo

Hopkin's Oil-chemists' Handbook 8vo, 3 oo

Keep's Cast Iron 8vo, 2 50
Leach's The Inspection and Analysis of Food with Special Reference to State

Control Large 8vo, 7 50
* McKay and Larsen's Principles and Practice of Butter-making 8vo, i 50
Matthews's The Textile Fibres 8vo, 3 50
Metcalf's Steel. A Manual for Steel-users i2mo, 2 oo

Metcalfe's Cost of Manufactures And the Administration of Workshops. 8vo, 5 oo

Meyer's Modern Locomotive Construction 4to, 10 oo

Morse's Calculations used in Cane-sugar Factories i6mo, morocco, i 50
* Reisig's Guide to Piece-dyeing .8vo, 25 oo

Sabin's Industrial and Artistic Technology of Paints and Varnish 8vo, 3 oo

Smith's Press-working of Metals 8vo, 3 oo

Spalding's Hydraulic Cement i2mo, 2 oo

Spencer's Handbook for Chemists of Beet-sugar Houses i6mo, morocco, 3 oo

Handbook for Cane Sugar Manufacturers i6mo, morocco, 3 oo

Taylor and Thompson's Treatise on Concrete, Plain and Reinforced 8vo, 5 oo

Thurston's Manual of Steam-boilers, their Designs, Construction and Opera-
tion 8vo, 5 oo

* Walke's Lectures on Explosives 8vo, 4 oo

Ware's Beet-sugar Manufacture and Refining Small 8vo, 4 oo

West's American Foundry Practice i2mo, 2 50
Moulder's Text-book i2mo, 2 50

Wolff's Windmill as a Prime Mover 8vo, 3 oo

Wood's Rustless Coatings : Corrosion and Electrolysis of Iron and Steel. .8vo, 4 oo

MATHEMATICS.

Baker's Elliptic Functions 8vo, i 50
* Bass's Elements of Differential Calculus I2mo, 4 oo

Briggs's Elements of Plane Analytic Geometry i2mo, oo

Compton's Manual of Logarithmic Computations 12mo, 50
Davis's Introduction to the Logic of Algebra 8vo, 50
* Dickson's College Algebra Large i2mo, 50
* Introduction to the Theory of Algebraic Equations Large i2mo, 25

Emch's Introduction to Projective Geometry and its Applications 8vo, 50
Halsted's Elements of Geometry 8vo, 75

Elementary Synthetic Geometry 8vo, 50
Rational Geometry i2mo, 75

* Johnson's (J. B.) Three-place Logarithmic Tables: Vest-pocket size. paper, 15
100 copies for 5 oo

* Mounted on heavy cardboard, 8X 10 inches, 25
10 copies for 2 oo

Johnson's (W. W.) Elementary Treatise on Differential Calculus. .Small 8vo, 3 oo

Elementary Treatise on the Integral Calculus Small 8vo, i 50
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Johnson's (W. W.) Curve Tracing in Cartesian Co-ordinates i2mo, i oo

Johnson's (W. W.) Treatise on Ordinary and Partial Differential Equations.

Small 8vo, 3 50
Johnson's (W. W.) Theory of Errors and the Method of Least Squares. i2mo, i 50
* Johnson's (W. W.) Theoretical Mechanics I2mo, 3 oo

Laplace's Philosophical Essay on Probabilities. (Truscott and Emory.) . i2mo, 2 oo
* Ludlow and Bass. Elements of Trigonometry and Logarithmic and Other

Tables 8vo, 3 oo

Trigonometry and Tables published separately Each, 2 oo
* Ludlow's Logarithmic and Trigonometric Tables 8vo, i oo

Mathematical Monographs. Edited by Mansfield Merriman and Robert

S. Woodward Octavo, each i oo
No. i. History of Modern Mathematics, by David Eugene Smith.

No. 2. Synthetic Projective Geometry, by George Bruce Halsted.

No. 3. Determinants, by Laenas Gifford Weld. No. 4. Hyper-
bolic Functions, by James McMahon. No. 5. Harmonic Func-

tions, by William E. Byerly. No. 6. Grassmann's Space Analysis,

by Edward W. Hyde. No. 7. Probability and Theory of Errors,

by Robert S. Woodward. No. 8. Vector Analysis and Quaternions,

by Alexander Macfarlane. No. 9. Differential Equations, by
William Woolsey Johnson. No. 10. The Solution of Equations,

byj Mansfield Merriman. No. 1 1. Functions of a Complex Variable,

by Thomas S. Fiskc.

Maurer's Technical Mechanics 8vo, 4 oo
Merriman's Method of Least Squares 8vo, 2 oo

Rice and Johnson's Elementary Treatise on the Differential Calculus. . Sm. 8vo, 3 oo

Differential and Integral Calculus. 2 vols. in one Small 8vo, 2 50
Wood's Elements of Co-ordinate Geometry 8vo, 2 oo

Trigonometry: Analytical, Plane, and Spherical i2mo, i oo

MECHANICAL ENGINEERING.

MATERIALS OF ENGINEERING, STEAM-ENGINES AND BOILERS.

Bacon's Forge Practice i2mo, i 50
Baldwin's Steam Heating for Buildings I2mo, 2 50
Barr's Kinematics of Machinery 8vo, 2 50
* Bartlett's Mechanical Drawing 8vo, 3 oo
* " " "

Abridged Ed 8vo, i 50

Benjamin's Wrinkles and Recipes i2mo, 2 oo

Carpenter's Experimental Engineering 8vo, 6 oo

Heating and Ventilating Buildings 8vo, 4 oo

Gary's Smoke Suppression in Plants using Bituminous Coal. (In Prepara-

tion.)

Clerk's Gas and Oil Engine Small 8vo, 4 oo

Coolidge's Manual of Drawing 8vo, paper, i oo

Coolidge and Freeman's Elements of General Drafting for Mechanical En-

gineers Oblong 4to, 2 50

Cromwell's Treatise on Toothed Gearing i2mo, i 50

Treatise on Belts and Pulleys i2mo, i 50

Durley's Kinematics of Machines 8vo, 4 oo

Flather's Dynamometers and the Measurement of Power i2mo, 3 oo

Rope Driving i2mo, 2 oo

Gill's Gas and Fuel Analysis for Engineers i2mo, i 25

Hall's Car Lubrication i2mo, i oo

Bering's Ready Reference Tables (Conversion Factors) i6mo, morocco, 2 50
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Button's The Gas Engine 8vo, 5 oo

Jamison's Mechanical Drawing 8vo, 2 50

Jones's Machine Design:
Part I. Kinematics of Machinery *

8vo, i 50
Part II. Form, Strength, and Proportions of Parts 8vo, 3 oo

Kent's Mechanical Engineers' Pocket-book i6mo, morocco, 5 oo

Kerr's Power and Power Transmission. .- 8vo, 2 oo

Leonard's Machine Shop, Tools, and Methods 8vo, 4 oo
* Lorenz's Modern Refrigerating Machinery. (Pope, Haven, and Dean.) . . 8vo, 4 oo

MacCord's Kinematics; or, Practical Mechanism
'

8vo, 5 oo

Mechanical Drawing 4to, 4 oo

Velocity Diagrams 8vo, i 50

MacFarland's Standard Reduction Factors for Gases 8vo, i 50

Mahan's Industrial Drawing." (Thompson.) 8vo, 3 50

Poole's Calorific Power of Fuels 8vo, 3 oo

Reid's Course in Mechanical Drawing 8vo, 2 oo

Text-book of Mechanical Drawing and Elementary Machine Design. 8vo, 3 oo

Richard's Compressed Air i2mo, i 50

Robinson's Principles of Mechanism 8vo, 3 oo

Schwamb and Merrill's Elements of Mechanism 8vo, 3 oo

Smith's (O.) Press-working of Metals 8vo, 3 oo

Smith (A. W.) and Marx's Machine Design 8vo, 3 oo

Thurston's Treatise on Friction and Lost Work in Machinery and Mill

Work 8vo, 3 oo

Animal as a Machine and Prime Motor, and the Laws of Energetics. i2mo, i oo

Warren's Elements of Machine Construction and Drawing 8vo, 7 50

Weisbach's Kinematics and the Power of Transmission. (Herrmann

Klein.) '. 8vo, 5 oo

Machinery of Transmission and Governors. (Herrmann Klein.). .8vo, 5 oo

Wolff's Windmill as a Prime Mover 8vo, 3 oo

Wood's Turbines 8vo, 2 50

MATERIALS OP ENGINEERING.

* Bovey's Strength of Materials and Theory of Structures 8vo, 7 50
Burr's Elasticity and Resistance of the Materials of Engineering. 6th Edition.

Reset 8vo, 7 50
Church's Mechanics of Engineering. 8vo, 6 oo
* Greene's Structural Mechanics 8vo, 2 50

Johnson's Materials of Construction 8vo, 6 oo

Keep's Cast Iron 8vo, 2 50
Lanza's Applied Mechanics 8vo, 7 50
Martens 's Handbook on Testing Materials. (Henning.) 8vo, 7 50

Maurer's Technical Mechanics 8vo, 4 oo

Merriman's Mechanics of Materials 8vo, 5 oo

Strength of Materials i2mo, i oo

Metcalf's Steel. A manual for Steel-users i2mo, 2 oo

Sabin's Industrial and Artistic Technology of Paints and Varnish 8vo, 3 oo

Smith's Materials of Machines i2mo, i oo

Thurston's Materials of Engineering 3 vols., 8vo, 8 oo

Part II. Iron and Steel 8vo, 3 50
Part III. A Treatise on Brasses, Bronzes, and Other Alloys and their

Constituents 8vo, 2 50

Text-book of the Materials of Construction 8ve, 5 oo

Wood's (De V.) Treatise on the Resistance of Materials and an Appendix on
the Preservation of Timber 8vo, 2 oo
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Wood's (De V.) Elements of Analytical Mechanics 8vo, 3 oo

Wood's (M. P.) Rustless Coatings: Corrosion and Electrolysis of Iron and
Steel. 8vo, 4 oo

STEAM-ENGINES AND BOILERS.

Berry's Temperature-entropy Diagram I2mo, i 25

Carnot's Reflections on the Motive Power of Heat. (Thurston.) i2mo, i 50

Dawson's "Engineering" and Electric Traction Pocket-book. . . .i6mo, mor., 5 oo

Ford's Boiler Making for Boiler Makers i8mo, i oo

Goss's Locomotive Sparks 8vo, 2 oo

Hemenway's Indicator Practice and Steam-engine Economy i2mo, 2 oo

Button's Mechanical Engineering of Power Plants 8vo, 5 oo

Heat and Heat-engines 8vo, 5 oo

Kent's Steam boiler Economy 8vo, 4 oo

Kneass's Practice and Theory of the Injector 8vo, i 50

MacCord's Slide-valves. 8vo, 2 oo

Meyer's Modern Locomotive Construction 4to, 10 oc

Peabody's Manual of the Steam-engine Indicator I2mo, i 50

Tables of the Properties of Saturated Steam and Other Vapors 8vo, i oo

Thermodynamics of the Steam-engine and Other Heat-engines 8vo, 5 oo

Valve-gears for Steam-engines 8vo, 2 50

Peabody and Miller's Steam-boilers 8vo, 4 oo

Pray's Twenty Years with the Indicator Large 8vo, 2 50

Pupin's Thermodynamics of Reversible Cycles in Gases and Saturated Vapors.

(Osterberg.) i2mo, i 25

Reagan's Locomotives: Simple Compound, and Electric i2mo, 2 50

Rontgen's Principles of Thermodynamics. (Du Bois.) 8vo, 5 oo

Sinclair's Locomotive Engine Running and Management i2mo, 2 oo

Smart's Handbook of Engineering Laboratory Practice i2mo, 2 50

Snow's Steam-boiler Practice 8vo, 3 oo

Spangler's Valve-gears 8vo, 2 50

Notes on Thermodynamics , i2mo, i oo

Spangler, Greene, and Marshall's Elements of Steam-engineering 8vo, 3 oo

Thomas's Steam-turbines 8vo, 3 50

Thurston's Handy Tables 8vo, i 50

Manual of the Steam-engine 2 vols., 8vo, 10 oo

Part I. History, Structure, and Theory 8vo, 6 oo

Part II. Design, Construction, and Operation 8vo, 6 oo

Handbook of Engine and Boiler Trials, and the Use of the Indicator and

the Prony Brake 8vo, 5 oo

Stationary Steam-engines 8vo, 2 50
Steam-boiler Explosions in Theory and in Practice I2mo, i 50

Manual of Steam-boilers, their Designs, Construction, and Operation 8vo, 5 oo

Weisbach's Heat, Steam, and Steam-engines. (Du Bois.) 8vo, 5 oo

Whitham's Steam-engine Design 8vo, 5 oo

Wood's Thermodynamics, Heat Motors, and Refrigerating Machines. . .8vo, 4 oo

MECHANICS AND MACHINERY.

Barr's Kinematics of Machinery 8vo, 2 50

*,Bovey's Strength of Materials and Theory of Structures 8vo, 7 50
Chase's The Art of Pattern-making i2mo, 2 50
Church's Mechanics of Engineering 8vo, 6 oo

Notes and Examples in Mechanics 8vo, 2 oo

Compton's First Lessons in Metal-working I2mo, i 50

Compton and De Groodt's The Speed Lathe i2mo i 50
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Cromwell's Treatise on Toothed Gearing I2mo, i 50
Treatise on Belts and Pulleys i2mOj ~ 50

Dana's Text-book of Elementary Mechanics for Colleges and Schools. . i2mo, i 50

Dingey's Machinery Pattern Making i2mo, 2 oo

Dredge's Record of the Transportation Exhibits Building of the World's

Columbian Exposition of 1893 4to half morocco, 5 oo
Du Bois's Elementary Principles of Mechanics :

Vol. I. Kinematics 8vo, 3 50
Vol. II. Statics 8vo, 4 oo
Mechanics of Engineering. Vol. I Small 4to, 7 50

Vol. II. Small 4to, 10 oo

Durley's Kinematics of Machines 8vo, 4 oo

Fitzgerald's Boston Machinist i6mo, i oo

Flather's Dynamometers, and the Measurement of Power 12010, 3 oo

Rope Driving i2mo, 2 oo

Goss's Locomotive Sparks 8vo, 2 oo
* Greene's Structural Mechanics 8vo, 2 50
Hall's Car Lubrication i2tno, i oo

Holly's Art of Saw Filing i8mo, 75

James's Kinematics of a Point and the Rational Mechanics of a Particle.

Small 8vo, 2 oo
* Johnson's (W. W.) Theoretical Mechanics. i2mo, 3 oo

Johnson's (L. J.) Statics by Graphic and Algebraic Methods 8vo, 2 oo

Jones's Machine Design:
Part I. Kinematics of Machinery 8vo, i 50
Part II. Form, Strength, and Proportions of Parts 8vo, 3 oo

Kerr's Power and Power Transmission 8vo, 2 oo

Lanza's Applied Mechanics 8vo, 7 50

Leonard's Machine Shop, Tools, and Methods 8vo, 4 oo
* Lorenz's Modern Refrigerating Machinery. (Pope, Haven, and Dean.). 8vo, 4 oo

MacCord's Kinematics; or, Practical Mechanism 8vo, 5 oo

Velocity Diagrams 8vo, i 50
Maurer's Technical Mechanics. '. % 8vo, 4 oo

Merriman's Mechanics of Materials 8vo, 5 oo
* Elements of Mechanics I2mo, i oo
* Michie's Elements of Analytical Mechanics 8vo, 4 oo

Reagan's Locomotives: Simple, Compound, and Electric i2mo, 2 50

Reid's Course in Mechanical Drawing 8vo, 2 oo

Text-book of Mechanical Drawing and Elementary Machine Design. 8vo, 3 oo

Richards's Compressed Air I2mo, i 50

Robinson's Principles of Mechanism 8vo, 3 oo

Ryan, Norris, and Hoxie's Electrical Machinery. Vol. 1 8vo, 2 50

Schwamb and Merrill's Elements of Mechanism 8vo, 3 co

Sinclair's Locomotive-engine Running and Management i2mo, 2 oo

Smith's (O.) Press-working of Metals 8vo, 3 oo

Smith's (A. W.) Materials of Machines I2mo, i oo

Smith (A. W.) and Marx's Machine Design 8vo, 3 oo

Spangler, Green*, and Marshall's Elements of Steam-engineering 8vo, 3 oo

Thurston's Treatise on Friction and Lost Work in Machinery and Mill

Work 8vo, 3 oo

Animal as a Machine and Prime Motor, and the Laws of Energetics.
1 2 mo, i oo

Warren's Elements of Machine Construction and Drawing 8vo, 7 50

Weisbach's Kinematics and Power of Transmission. (Herrmann Klein. ) . 8vo , 5 oo

Machinery of Transmission and Governors. (Herrmann Klein. ).8vo, 5 oo

Wood's Elements of Analytical Mechanics 8vo, 3 oo

Principles of Elementary Mechanics i2mo, i 25

Turbines 8vo, 2 50

The World's Columbian Exposition of 1893 4to, i oo
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METALLURGY.

Egleston's Metallurgy of Silver, Gold, and Mercury:
Vol. I. Silver 8vo, 7 50
Vol. II. Gold and Mercury 8vo, 7 50

** Iles's Lead-smelting. (Postage 9 cents additional.) i2mo, 2 50

Keep's Cast Iron 8vo, 2 50
Kunhardt's Practice of Ore Dressing in Europe 8vo, i 50
Le Chatelier's High-temperature Measurements. (Boudouard Burgess. )i2ino. 3 oo

Metcalf's Steel. A Manual for Steel-users i2mo, 2 oo

Minet's Production of Aluminum and its Industrial Use. (Waldo.). . . . i2mo, 2 50
Robine and Lenglen's Cyanide Industry. (Le Clerc.) 8vo, 4 oo

Smith's Materials of Machines I2mo, i oo

Thurston's Materials of Engineering. In Three Parts 8vo, 8 oo

Part II. Iron and Steel 8vo, 3 50
Part III. A Treatise on Brasses, Bronzes, and Other Alloys and their

Constituents 8vo, 2 50
Ulke's Modern Electrolytic Copper Refining 8vo, 3 oo

MINERALOGY.

Barringer's Description of Minerals of Commercial Value. Oblong, morocco, 2 50

Boyd's Resources of Southwest Virginia 8vo, 3 oo

Map of Southwest Virignia Pocket-book form. 2 oo

Brush's Manual of Determinative Mineralogy. (Penfield.) 8vo, 4 oo

Chester's Catalogue of Minerals 8vo, paper, i oo

Cloth, i 25

Dictionary of the Names of Minerals 8vo, 3 50

Dana's System of Mineralogy Large 8vo, half leather, 12 50
First Appendix to Dana's New "

System of Mineralogy." Large 8vo, i oo

Text-book of Mineralogy 8vo, 4 oo

Minerals and How to Study Them i2mo, i 50

Catalogue of American Localities of Minerals Large 8vo, i oo

Manual of Mineralogy and Petrography 121010, 2 oo

Douglas's Untechnical Addresses on Technical Subjects i2mo, i oo

Eakle's Mineral Tables .' 8vo, i 25

Egleston's Catalogue of Minerals and Synonyms 8vo, 2 50
Hussak's The Determination of Rock-forming Minerals. (Smith.). Small 8vo, 2 oo

Merrill's Non-metallic Minerals: Their Occurrence and Uses 8vo, 4 oo
* Penfield's Notes on Determinative Mineralogy and Record of Mineral Tests.

8vo, paper, 50
Rosenbusch's Microscopical Physiography of the Rock-making Minerals

(Iddings.) 8vo, 5 oo
* Tillman's Text-book of Important Minerals and Rocks 8vo, 2 oo

MINING.

Beard's Ventilation of Mines i -mo, 2 50

Boyd's Resources of Southwest Virginia 8vo, 3 oo

Map of Southwest Virginia Pocket-book form 2 oo

Douglas's Untechnical Addresses on Technical Subjects i2mo i oo
* Drinker's Tunneling, Explosive Compounds, and Rock Drills. 4to,hf. mor., 25 oo

Eissler's Modern High Explosives 8vo 4 oo
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Goodyear's Coal-mines of the Western Coast of the United States I2mo, 2 50

Ihlseng's Manual of Mining 8vo, 5 oo
** Iles's Lead-smelting. (Postage pc. additional.) I2mo, 2 50
Kunhardt's Practice of Ore Dressing in Europe -8vo, i 50
O'DriscolPs Notes on the Treatment of Gold Ores 8vo, 2 oo

Robine and Lenglen's Cyanide Industry. (Le Clerc.) 8vo, 4 oo
* Walke's Lectures on Explosives 8vo, 4 oo

Wilson's Cyanide Processes i2mo, i 50
Chlorination Process I2mo, i 50

Hydraulic and Placer Mining I2mo, 2 oo

Treatise on Practical and Theoretical Mine Ventilation T2mo, i 25

SANITARY SCIENCE.

Bashore's Sanitation ef a Country House I2mo, i oo

FolwelPs Sewerage. (Designing, Construction, and Maintenance.). 8vo, 3 oo

Water-supply Engineering ." 8vo, 4 oo

Fowler's Sewage Works Analyses I2mo, 2 oo

Fuertes's Water and Public Health I2mo, i 50
Water-filtration Works 12010, 2 50

Gerhard's Guide to Sanitary House-inspection i6mo, i oo
Goodrich's Economic Disposal of Town's Refuse Demy 8vo, 3 50
Hazen's Filtration of Public Water-supplies 8vo, 3 oo
Leach's The Inspection and Analysis of Food with Special Reference to State

Control 8vo, 7 50
Mason's Water-supply. (Considered princ ipally from a Sanitary Standpoint) 8vo , 4 oo

Examination of Water. (Chemical and Bacteriological.) i2mo, i 25

Ogden's Sewer Design i2mo, 2 oo
Prescott and Winslow's Elements of Water Bacteriology, with Special Refer-

ence to Sanitary Water Analysis i2mo, i 25
* Price's Handbook on Sanitation i2mo, i 50
Richards's Cost of Food. A Study in Dietaries I2mo, i oo

Cost of Living as Modified by Sanitary Science i2mo, i oo

Cost of Shelter i2mo, i oo

Richards and Woodman's Air, Water, and Food from a Sanitary Stand-

point 8vo, 2 oo
* Richards and Williams's The Dietary Computer 8vo, i 50
Rideal's Sewage and Bacterial Purification of Sewage 8vo, 3 50
Turneaure and Russell's Public Water-supplies 8vo, 5 oo

Von Behring's Suppression of Tuberculosis. (Bolduan.) i2mo, i oo

Whipple's Microscopy of Drinking-water 8vo, 3 50
Winton's Microscopy of Vegetable Foods 8vo, 7 50
Woodhull's Notes on Military Hygiene i6mo, i 50
* Personal H/giene i2mo, i oo

MISCELLANEOUS.

De Fursac's Manual of Psychiatry. (Rosanoff and Collins.). . . .Large i2mo, 2 50
Emmons's Geological Guide-book of the Rocky Mountain Excursion of the

International Congress of Geologists Large Svo, i 50
Ferrel's Popular Treatise on the Winds Svo 4 oo

Haines's American Railway Management I2mo, 2 50
Mott's Fallacy of the Present Theory of Sound i6mo, i oo

Ricketts's History of Rensselaer Polytechnic Institute, 1824-1894. .Small Svo, 3 oc

Rostoski's Serum Diagnosis. (Bolduan.) i2mo i oo

Rotherham's Emphasized New Testament Large Svo, 2 oo
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Steel's Treatise on the Diseases of the Dog 8vo, 3 50
The World's Columbian Exposition of 1893

'

4to, i oo

Von Behring's Suppression of Tuberculosis. (Bolduan.) izmo, i oo

Winslow's Elements of Applied Microscopy i2mo, i 50
Worcester and Atkinson. Small Hospitals, Establishment and Maintenance;

Suggestions for Hospital Architecture : Plans for Small Hospital . 1 2mo , i 25

HEBREW AND CHALDEE TEXT-BOOKS.

Green's Elementary Hebrew Grammar lamo, i 25

Hebrew Chrestomathy 8vo, 2 oo

Gesenius's Hebrew and Chaldee Lexicon to the Old Testament Scriptures.

(Tregelles.) Small 4to, half morocco, 5 oo

Letteris's Hebrew Bible. 8vo, 2 25
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RETURN TO the circulation desk of any

University of California Library

or to the

NORTHERN REGIONAL LIBRARY FACILITY

Bldg. 400, Richmond Field Station

University of California

Richmond, CA 94804-4698

ALL BOOKS MAY BE RECALLED AFTER 7 DAYS
2-month loans may be renewed by calling

(415)642-6233

1-year loans may be recharged by bringing books
to NRLF

Renewals and recharges may be made 4 days
prior to due date

DUE AS STAMPED BELOW
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